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THE “DOCTOR” — 
McGarvey Eddleman of Allis- 


Chalmers Norwood Works— 


is toking a temperature read- 
ing during the heat-run test. 
It's just one precaution that 
helps Allis-Chalmers build 
consistently great motors, 








YOU 


ty ad , 


ct DEPEND ON ALLIS-CHALMERS MOTORS 


O—THAT’S NOT a sik m 
Actually it’s a very be 
one. But that’s something we 
know — through generous g 
testing — before Allis-Chil 
motors can tackle jobs for yu 
Part of the “physical exan’ 
motor at the left must pas i 
heat run test. Bristling with 
mometers, the motor runs 
load — and speed and temper 
are recorded for every hour, 
Five or six hours can tell y 
lot about a motor’s characte 
—but it takes more like five « 
years to tell you its character, 
And it’s the test of time inw 
Allis-Chalmers motors have 
lished that they are great md 
That’s why you hear so many 4 
neers say: “You can depend 
Allis-Chalmers Motors!” 





men who build Allis-Chalmers #9... 


tors, you might be surprised to laf; 


how keenly they are aware of a 


big personal stake they have 
every motor they build for you. 
They know that factory tess 


fully pre-determine how well 2 fe 


tor is built just don't exist; 4 
there’s still no substitute for es 
sible craftsmanship, . 

And they know that when t 
build great motors for you the} 
making friends—and that n0 © 
pany and its workers can have 
many of them, ALLIS-CHALMH 
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ade Kasier by 
OD RESEARCH 


The most recent product to come from the Inland research laboratories 
is TI-NAMEL—the new vitreous enameling alloy steel to which the cover 
coat, in white or any shade, can be applied directly to the base metal. 








When you try Inland TI-NAMEL in your own shop you will learn at 
first hand how it will cut fabrication and enameling costs, and result in 
products of superior finish and longer service life. 

You will find that Inland TI-NAMEL has drawing qualities equal to 
the best deep drawing steels. It eliminates ground coat operations; 
reduces re-operations, edging, and scrap. These short-cuts save floor 
space and greatly increase shop output. 

Inland TI-NAMEL is the modern base for vitreous enameled products 
of greater eye appeal and for broader markets. Write for the new 
TI-NAMEL Bulletin. Inland Steel Company, 38 South Dearborn Street, 
Chicago 3, Illinois. 


Pending patent applications on the new enameling process and products made thereby are owned jointly 
by Inland Steel Company and Titanium Alloy Manufacturing Company under trust agreement. 


Principal Products: Bars, Floor Plates, Piling, Plates, Rails, Reinforcing 
Bars, Sheets, Strip, Structurals, Tin Plate, Track Accessories. 

Sales Offices: Cincinnati, Detroit, Indianapolis, Kansas City, Milwau- 
kee, New York, St. Louis, St. Paul. 
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m and Calculations: 


tomic bomb, Edit. 108 

mputing mechanisms, Edit. 113-120 

Bootour control, 103-107 

lectric follow-up mechanism, Edit. 131-134, 178, 180 
draulic steering, Edit. 112 

erosion, Edit. 110 

wew-machine parts, Edit, 185-140 

haft design, Edit. 149-151 

yecial motor applications, Edit. 121-126 
yecial-shaped bar applications, Edit. 141-144, 152 
eel casting design, Edit. 156 

Bimer applications, Edit. 127-130 
















rinee ring Department: 


quipment and supplies, Adv. 12, 16, 56, 57, 195, 252, 265, 
310, 370, 373, 384, 388, 393, 394, 402 


. 
shes: 
CS; 


hromium, Adv, 313 
ynthetic, Adv. 368 


erials; 


Numinum alloys, Adv. 276, 278, 279, 281, 305 

bimetal, Adv. 59 

bronze, Adv. 79, 270, 271, 273, 274, 289, 398 

emented carbides, Adv. 242, 337 

xpanded metal, Adv. 301 

abric, processed, Edit, 164 

elt, Adv. 398 

lass, Adv, 367 

nsulating board, Edit. 162 

facnesium alloys, Adv. 165, 211 

folybdenum alloys, Adv. 177 

Nickel alloys, Adv. 51, 185, 250 

astics, Adv. 15, 17, 18, 19, 33, 34, 80, 94, 285, 363 
rowder metal, Adv. 82 

ubber and synthetics, Edit. 168; Adv, 38, 189, 204 
peel, Edit. 148, 153-156, 166; Adv. 4, 89, 171, 243, 244, 
245, 248 

ungsten alloys, Adv. 43 

















Bil, Adv. 336, 378 

earings, Edit. 158, 168; Adv. 6, 11, 35, 68, 87, 163, 193, 
199, 210, 227, 262, 269, 277, 283, 287, 292, 300, 302, 306 
315, 324, 341, 357, 361, 374 

Bellows, Adv, 93, 97, 241 

el, Adv. 44, 45, 47, 233 

fazed parts, Edit. 111 

Brushes, Adv. 294, 328 

Brushes, carbon, Adv. 364 

ible controls, Adv. 402 

arbon . Adv. 93, 320, 321 
Parts, Adv. 36, 55, 77, 95, 175, 226, 236, 299, 329, 330. 

Ss, 835, 339, 39] ass 
ns, Adv, 37, 54, 66, 74 

amps, Adv, 350 












60, 161, 169, 164, 166, 168, 178, 180; Adv. 23, 31, 40, 
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Mtemtzed Mndex 


Classified for Convenience when Studying Specific Design Problems 


Clu . 

— Edit. 164; Adv. 258, 280, 333, 365, 382, 392, 396, 
_. electrical, Edit. 103-107, 127-130, 131-134, 148, 
#8, 49, 52, 58; 61, 75, 78, 85, 96, 179, 213, 216, 220, 229, 


312, 328, 338, 353, 371, 394, BC 

Conveyors, Adv. 372 

Counters, Adv. 345, 390 

Couplings, Edit, 170; Adv. 72, 78, 362, 364 

Electric equipment, Edit. 121-126; Adv. 225, 393 

Electrical accessories, Edit. 161; Adv. 286, 303, 368, 384, 388 

Engines, Edit. 166; Adv. 186, 362, 385 

Fastenings, Edit. 160; Adv, 30, 42, 63, 81, 202, 208, 215, 
217, 235, 237, 240, 259, 358, 359, 380, 385, 400, 408 

Felt parts, Adv. 26. 

Filters, Adv. 27, 181, 293 

Fittings, Adv. 46, 254, 372, 381, 395 

Floats, Adv. 372 

Forgings, Edit. 159; Adv. 53, 76, 295, 314, 340, 379 

Gages, Adv, 70, 336 

Gears, Adv. 22, 29, 60, 207, 209, 253, 255, 275, 332, 349, 
397, 398, 403 

Governors, Edit. 170 

Hinges, Adv. 264 

Hydraulic equipment, Edit. 112, 162; Adv. 9, 84, 101, 184, 
212, 219, 239, 272, 282, 296, 323, 377, 401 

Instruments, Adv, 364 

Joints, Edit. 164; Adv. 196, 399 

Lamps, Adv. 21 

Lubrication and lubricating equipment, Edit. 164, 166; Adv. 
41, 362, 407 

Machined parts, Edit. 135-140; Adv. 188, 360 

Motors, Edit, 103-107, 109, 110, 121-126; Adv. IFC, 1, 13, 
28, 50, 67, 69, 102, 182, 183, 190, 231, 232, 260, 304, 
316, 319, 322, 331, 343, 344, 360, 383, 390, 396, IBC 

Mountings (rubber), Adv. 218 

Plastic parts, Adv. 167, 267 

Plugs, Edit. 166 

Pneumatic equipment, Edit. 160; Adv. 352, 392 

Powder metal parts, Adv. 214, 228, 325, 355 

Pulleys, sheaves, Edit 161; Adv. 62 

Pumps, Edit, 107, 160, 162; Adv. 180, 309, 340, 348, 368, 
878, 382, 384, 392 

Rubber and synthetic parts, Adv. 168, 222, 246, 386 

Screws, power, Adv. 91 

Seals, packings, Edit. 109; Adv. 2, 20, 88, 169, 173, 194, 
1S7, 266, 291, 298, 307, 380, 396 

Shafts, Edit. 149-151 

Shafts, flexible, Adv. 350, 378 

Sheet-metal parts, Adv. 10, 249, 388, 400 

Speed reducers, Adv, 251, 288, 290, 318 

Springs, Adv. 86, 224, 261, 386 

Stampings, Adv. 317, 332, 370, 380 

Timers, Edit. 127-130, 172; Adv, 200, 365, 400 

Transmissions, variable speed, Adv. 5, 25, 346, 347 

Tubing, metallic, Edit. 148; Adv. 90, 192, 201, 963. 297, 
354, 397 

Tubing, nonmetallic, Edit. 168: Adv. 187, 324 

Universal joints, Adv. 348, 370 

Valves, Edit. 162, 168; Adv. 14, 205, 234, 247, 256, 257, 354, 
358, 403 

Welded parts and equipment, Fdit. 148. 16%. 166. 168: 
Adv. 8. 32, 64, 65, 71, 198, 230, 326, 327, 342, 387, 399 

Wire, Adv. 39 


Production: 


Hardening, Adv, 308 

Packaging, Edit. 168 

Screw machining, Edit. 135-140 

Service facilities, Adv. 24, 83. 206, 238. 268. 284. 352, 369 
Tools, Edit. 172; Adv. 203, 221. 311, 351, 356, 397 

Testing equipment, Edit. 111; Adv, 98, 99, 223, 382, 393 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 








Per Volume 


HOBART’S “Practical Design for Arc Welding,” $3. 30 

the most complete coverage of diverse welding neem eee 
designs ever published. Authoritative and com- ACCOMPAMES ORDER 
prehensive in every detail as compiled by 




























Kinkead, the outstanding welding consultant 

of the country. Hobart saw a need for a work such as 
this because of the great interest shown in redesigning 
for arc welding, and the fact that most failures in weld- 
ments are due more to poor design and procedure than 
improper welding. Here is your authority on better arc 
welded design, assuring you of a stronger, lighter and 
more competitive product. 3 Volumes of 100 designs each 
are now available and includes a handy work sheet 
opposite each design sheet for forming your own ideas 


_ceeemesite 


Address—— Sate 







on how to improve your product by Hobart “Simfli- 
fied” Arc Welding. Order your copies today! Use 
coupon! HOBART BROS. CO., Pox MD-95, TROY, OHIO. 
“One of the World's Largest Builders of Are Welders” 
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Ring Gauge Com- 


to 25/1,000,000”. 


fami fine manufacturing calls for working 
tolerances not of thousandths—but ten thou- 
sandths, hundred thousandths and even millionths 
of an inch! One of the secrets of Jack & Heintz low 
cost mass production of high precision equipment 
lies in the ingenious electronic measuring gauges 
used throughout the eight plants. 

With one of these J&H-developed-and-built gauges 
even an inexperienced worker can make a compli- 
cated precision measurement in a second. For labora- 
tory experiments, Jack & Heintz engineers have 
made an electronic gauge capable of measurin 
2/1,000,000"! One of ae shop gauges picture 
is calibrated to 25/1,000,000; others in common 
use are measuring ten thousandths and hundred 
thousandths day in and day out. 

While most of these gauges fall into the “special 
purpose” classification, they do have one thing in 
common. That is the basic electronic circuit system 
that makes them so highly accurate. This method of 
measurement is new and, as perfected by J&H en- 
Sineers, has unlimited possibilities for use wherever 


parator— checks gauges 





exceptionally precise checking of parts must be 
done quickly. 

Jack & Heintz has made effective use of these elec- 
tronic devices to speed war production. They can 


be adapted to postwar production, too. Merely by 
changing the holding fixture on each gauge, the 
magic tube of electronics can be converted to speed- 


ing finer things for better, lower cost peacetime 
products. 

If you have a measuring, checking, testing or 
production problem that calls for forward-seeing 
engineering such as this, get in touch with Jack & 
Heintz today! 

Jack & Heintz, Inc., Cleveland, Ohio, manufac- 
turers of Aircraft Engine Starters, Generators, Gyro 
Pilots, Gyro Flight Instruments, Magnetos, Motors. 





=o 


Jack « HEINTZ 
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EICING the wings of the C-82 Packet, the 
Army’s new giant cargo plane, is accomplished 
by distributing hot air to all parts of the wings and 
to the tail assembly through a system of nonmetallic 
ducts. Travelling at high velocity the air dissipates 
its heat to the outer surfaces raising their tempera- 
ture to 130 degrees. The air is heated from the en- 
gines’ exhaust gases in a heat exchanger and carried 
under pressure to the duct system. Ducts are fire- 
resistant glass fabric combined with synthetic rub- 
ber and resins. 


HIGH-IMPACT absorbing filament lamps have 
been developed to withstand violent physical shocks. 
The lamp has a rubber skirt between bulb and base 
which is sufficiently elastic to absorb shock yet rigid 
enough to prevent harmonic vibrations which might 
destroy the filament. 


UNCOVERED from Germany’s technical indus- 
trial secrets by investigations under the direction of 
the Joint Chiefs of Staff are the following: A plane 
with a ceiling several thousand feet higher than any 
American design; process for welding ‘side seams 
on tin cans; new applications of radiation devices; 
new and improved X-ray tubes; new data and proc- 
esses for synthetic rubber, high octane gas, plastics, 
petroleum products, and electrochemical products. 


HELIUM instead of air has been successfully 
used to inflate large airplane tires, reducing plane 
weight. Chief objection to helium has been its 
rapid diffusion through rubber which has been over- 
come through the use of Butyl rubber tubes. Helium 
diffuses 2% times faster than air through rubber but 
only one-fourth as fast as this through Butyl. 
Weight saved through the use of helium in each 110- 
inch tire is 79 pounds. 


DOUBLE-BEAM cathode-ray tube now provides 
two complete “guns” in a single glass envelope, both 
aimed at or converging on a single screen for simul- 


a 






taneous and superimpe 

traces. Developed by Allen 

Du Mont Laboratories Inc., th 

tube provides complete and independ. 

ent control of the three-axis functions fy 

each beam. Heretofore, simultaneous compari- 

son of two phenomena could only be made with 

two separate tubes or with an electronic switch to 

present first one phenomenon and then the other iy 
rapid succession on the same screen. 


RIVETING MACHINES set as many as 3000 riy- 
ets an hour. Inherent simplicity of this fastening 
method and the development of setting machine 
have extended the uses of riveting in aircraft mass- 
production methods, according to Curtiss-Wright 
Corp. 


JET-PROPELLED German fighter planes, a study 
of a captured ship reveals, differ in several respects 
from our designs. The former utilize axial-flow 
compressors whereas ours have centrifugal com- 
pressors. Two jet engines, one in each wing, power 
the German type while our fighters have the power 
plant in the fuselage. Also the German planes have 
slots in the leading edges of both wings to increase 
rate of climb and reduce landing speed. 


NEW RADAR altimeters, designed to indicate 
true height above terrain rather than altitude above 
sea level, weigh only 30 pounds. This equipment 
was made possible through an intensive develop- 
ment program which provided a sensational reduc- 
tion in weight of about 70 pounds. 





HOME FREEZERS with doors opening like a do- 
mestic refrigerator will “spill out” less “cold” than 
would be lost from top opening chests, according to 
Westinghouse tests. This is due chiefly to the fact 
that chest type units are open longer because it is 
necessary to remove and repack packages to obtain 
the ones desired. Also the heat absorbed by te 
moved packages during the reshuffling is a contrib- 
uting factor to the less economical operation of the 
chest types. 


FIRST AWARD in a proposed nation-wide senes 
for outstanding records of private industry for - 
ployment and training of veterans of World War I 
was received by Bell & Howell Co. The ” 
was made jointly by the National Association y 
Personnel Directors and the national organization ° 
Disabled American Veterans. 


] ( 
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trical and mechanical design must be closely coordinated, 
no detail was considered. finished until it was deemed 
satisfactory by both the electrical and mechanical en- 
gineers. 

Built for the Navy and shown in Figs. 1 and 2, the 
machine simultaneously mills the suction-face side and 
pressure-face side of propellers having varying pitch and is 
a good example of the results attainable by closely co- 
ordinating the work of electrical and mechanical decigners. 
Three motor-generator sets and eleven motors are utilized 
for various operations. All of the motors except one which 
drives the lubricating pump are flange mounted. Six 
operate in a definite automatic sequence when the machine 
is performing its normal cutting operation. A plan view of 
the machine, showing its design features and location of the 
drive motors, is illustrated in Fig. 3. 

The machine is of the form following type, that is, the 
cutters are caused to follow the desired contour in re- 
sponse to a continuously-variabl2 highly-sensitive servo- 
mechanism or position regulator that follows a scale model 
of the propeller. Only one blade of the propeller is repre- 
sented by the two scale models, one for each face of the 
blade. 

Two identical position regulators, each consisting of an 
adjustable-voltage drive in which the exciter is energized 
by an electronic amplifier, control the position of the 
cutter used on each face of the blade. A Silverstat (voltage 
regulator) mechanism, operated by a system of levers 
from a probe, is incorporated in the tracer head. A force 
of less than two pounds is exerted on the model by the 
tracer head. Therefore wood or plaster models may be used 
without rapid mode! wear. To compensate for the off-set 


of the cutting point from the center of rotation, the probe 
is a scale reproduction of the cutter. Utilization of the 
electronic amplifier facilitates the incorporation of anti- 
hunting and velocity-error correction means and permits 
the use of a small Silverstat and small resistors. This makes 


Fig. 2—Profile millinay machine. Models on table in left 
foreground position the nrobes which, throuch electronic 
circuits, control machining operations 





it possible to build the entire control unit into they 
head and thus avoid a large number of flexible 
tions to the tracer head. “ 

Consisting of a single-stage elzctronic power yum 
amplifier employs three Type 6L6 tubes in multiplg§ 
improves reliability since the unit will operate on only 
of the tubes. Also, these tubes are easy to procure bee 
they are a popular radio type. g 


Utilizes Duplicate Controls 


In Fig. 4 is shown a schematic diagram of the g 
regulator mechanism. Only one of the two units isi 
trated and the gearing is rearranged for a , 
the machine is set up, the tracer probe and the cuth 
positioned accurately at the same relative point i on 
model and the propeller blade, respectively. The 
saddle is moved in relation by its drive screw unt 
tracer Silverstat is in the midposition corresponding 
zero speed on the saddle-feed motor. The saddle 
motor is then energized, placing it under full conta 
the tracer. As the model table and work rotate, the 
moves relative to the tracer and the tracer probeg 
flected as it passes over the face of the model. Thisé 
the Silverstat to be deflected from its neutral position 
results in a consequent change in the input voltage 
amplifier which produces a corresponding change if 
voltage applied to the saddle-feed motor. This causes 
cutter saddle and the tracer saddle to move in the direst 
to return the tracer probe to its original position. Ei 
are minimized and hunting prevented by the applicatio 
acceleration components to the amplifier input and] 
feedback arrangement. 

It can be seen from the foregoing that the regul 
system is dormant except when its quiescence is distum 
by a movement of the tracer probe. The model and 
are rotated in synchronism by the work-arbor drive mg 
Since this motion is the master of all movement invé 
its drive is of particular importance. This drive must} 


MACHINE Desicn—September, ; 



















Tailstock Mot. 






Pressure-Face —— 
Cutter 







Propeller 





Headstock Motor 





Saddle-Feed Screw 


Control Desk~ 


‘Suction-Foce 


Work-orbor and mode/-table drive motor — 


Saddle-—Feed Motors 


& 
a» 
® 


Relief Motor ~ 


Pressure-Foce 
Saddle 





Cutter Motors 


Suction-Faoce 
Soddle 






Cutter Relief Motor 


Ram-Feed Motor 


Meosuring 
—FRelay 








f 


Trocer Control Stations 








Wide speed range together with controlled accelera- 
fad retardation in order to l!mit the acc-lerations to 
8 that the position regulators can follow. The work- 
H drive is a Rototrol-regulated, adjustable-voltage 

, Its speed is controlled by a motor-operated rheo- 
iven by an adjustabl2-speed motor—to provide con- 
tates of acceleration and retardation. There are 

fe limits to the speed at which the position regulator 
How with the required accuracy. Consequently, the 
@tbor drive is equipped with a second regulating sys- 

lat controls the work-arbor motor speed in order to 
fain the desired saddle-feed speed. Another regulating 
taffects the work-arbor motor in response to cutter 

® as to maintain a cutting speed that is within the 
Fof the cutter. Limits of the cutter load and saddle 
fate adjustable by rheostats on the operator's con- 
itting takes place in only one direction of rotation of 
in order to keep all backlash and deflection in one 
, thus improving the accuracy of the machine. The 
# saddles are provided with a relieving mechanism 
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Fig. 3—Plan view showin7z motor drives for various 
mctions and model table with contour cortrols 


that moves them with respect to their driving nuts, there- 
by moving the cutter relative to the work. These mecha- 
nisms move the cutters into position for a cut stroke and 
away from the work during the return stroke. Since no 
cutting takes place during the return stroke, much higher 
speeds can be utilized because greater form following 
errors can be tolerated. 


Relief Motors Start Cutting Cycle 


In operating the machine, both position regulators are 
adjusted to the neutral position and the automatic cutting 
cycle is started. Depressing the automatic-cycle start but- 
ton causes the relieving motors to bring the cutters into 
cutting position. As these motors drive the saddles against 
positive stops, they stall, and are then de-energized by 
time-delay relays. The relieving mechanism operates a 
limit switch when it arrives at the cutting position. Opera- 
tion of this switch causes the work-arbor motor to start 







































in the cutting direction at its minimum speed. The motor- 
operated rheostat starts and the work-arbor motor is ac- 
celerated at a rate determined by the speed of the rheo- 
stat motor. 

Movement of the model table causes the saddle-feed 
motor to start under control of the tracer as previously 
discussed. When the tracer motor has accelerated to the 
preset speed determined by the setting of the operator’s 
control rheostats, the rheostat motor stops. If the contour 
of the model is such that the saddle-motor speed changes 
appreciably from this setting, the secondary regulating 
system starts the motor-operated rheostat in the correct 
direction to increase or decrease the speed as may be re- 
quired to maintain the desired saddle speed. 


Adjusts Load Automatically 


Should the cutter load increase beyond the desired 
maximum because of irregularities in the work, the work- 
arbor speed is adjusted to reduce the cutter load auto- 
matically by the motor-operated rheostat. 

Thus the cutting operation proceeds until a limit 
switch is operated by a dog on the model table as the 
cut approaches the end of the blade. This starts the 
motor-operated rheostat in the direction to decrease 
speed thus retarding the work-arbor motor. When the 
rheostat reaches the minimum speed position, the work 
arbor is stopped and the relieving mechanisms operate to 
move the cutter away from the work. After the relief is 
completed the work-arbor motor is started in the reverse 
' direction with acceleration again controlled by the motor- 
operated rheostat. During the return stroke, the ram-feed 
motor is started. This motor drives the cutter and tracer 








rams forward so as to place the cutter in a newy 
preparation for the next cutting stroke. The ram fm 
crement is controlled by a Morton measuring relays 
The control cubicle containing all electrical ang 
netic control equipment is shown in Fig; 5. The d elee 
amplifier is at the upper left and the motor-operate) 
stat is at the upper right. The remaitiing panels @ 
the relays and contactors necessary for automatie ¢ 
tion of the other motors. One of the exeiter motor. 
tor sets may be seen on the floor of the cubigk 
operator’s control desk is in the foreground. This¢ 
desk is located on a balcony at the head of they 
pit from which point the operator can watch the 
cutting operation. All operation may be controlled 
this desk. The rheostats on the front of the desk aul 
the cutter-motor speed. The instruments indicate, 
motor load and saddle speed. Two portable pug 
stations, normally attached to the side of the 
desk by hangars, are provided for setting-up purpa 
The cutter heads have 360 degrees of roan 
planes and may therefore be adjusted to any des 
ting angle. Some propellers have overlapplall 
consequently there is little room for cutting heady 
working at the root of the blade. Because of thig 
was not sufficient room for the cutter drive motin 
the necessary gear reducers at the front end of the 
The gear reducer is mounted inside the ram itself 
drive motor is flange mounted on the back end gh 
ram, Fig. 8. A shaft through the center of the rama 
the cutter reducer. Flange-mounted motors are 4 


necessity for such an arrangement. They are acces Bric, 
tains 








Fig. 4—Schematic arrangement of position regul 
mechanism. Because both pressure face and sith 
face units are similar, one only is shown 
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Fig. 5—Above—Control cubicle and control desk con- 
tains all the equipment necessary for automatic opera- 
tion of the motor drives 
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for servicing, adequately ventilated, and completely free 
of any chips. 

The relieving drive motors are vertically mounted. 
Therefore flange mountings were selected, obviating the 
need for special brackets or castings generally required 
for vertical foot mounting. The saddle-feed motors and 
the arbor-feed motors are built integral with their gear 
housings. They and the ram-feed motor are flange 
mounted to avoid the necessity of separate mounting 
plates on the machine foundations and to provide per- 
fect alignment at all times. 

Headstock and tailstock adjusting drives employ flange- 
mounted gearmotors, that is, integral gear units with the 
motor frame mounted to the gear case. The adjusting screw 
is solidly coupled to the output shaft of the gear unit. Thus 
this unit forms one bearing for the screw. The gear- 
motors are equipped with high-torque intermittently rated 
hoist type motors. Front shaft extensions are furnished 
on the motors for mounting a handwheel with an integral 
clutch to provide a means of manual adjustment. 

Gearmotors of this type usually are equipped with 
round frame motors without feet, the unit being mounted 
from suitable feet or a flange on the gear case. Standard 
motor frames with feet, however, are utilized on this 
unit. The motor frame is rotated as for side-wall mount- 
ing, that is, wth the bottom of the motor feet in a vertical 
plane. The reversing magnetic controllers are mounted to 
the motor feet. Pushbuttons are on flexible cables. 

By this design the entire drive, motor control, and 
necessary gearing is a unit made from standard parts sup- 
plied by the electrical manufacturer, eliminating the neces- 
sity of many special parts. 




























RIOR to the atomic bomb two principl2s—concerva- 

tion of mass and conservation of energy—were the 

cornerstones of modern science. However, in devel- 
oping the theory of relativity Einstein concluded that mass 
and energy must be interchangeable and related by the 
equation E=mc?, where E is the energy, m the mass and 
c the velocity of light. This means that if a pound of ma- 
terial could be completely converted into energy, 11.3 bil- 
lion kilowatt-hours would be real:zed—equivalent to the 
entire output of. this country’s electric power industry for 
a month. While no such fantastic result has even been 
approached in practice, in the atomic bomb there has been 
accomplished for the first time an appreciable conversion 
of mass into energy. 

To understand the splitting of the atom it is necessary 
to consider the salient features of atomic structure. Heart 
of the atom is the nucleus, a closely packed group of 
neutrons (electrically neutral particles) and protons (posi- 
tively charged particles) containing nearly the whole mass 
of the atom. Surrounding 
the nucleus is an empty 
space, about 10,000 times the 
diameter of the nucleus, in 
which electrons (negatively 
cnarged particles) move like 
planets around the — sun. 
Chemical reactions such as 
combustion of fuels or explo- 
sion of TNT involve only the 
el-ctrons, whose mass is a 
trifling proportion of the 
whole atom. 

Because the mass of the 
nucleus is relatively so much 
greater, it is obvious that re- 
artions involving conversion 
of even a small fraction of the mass of the nucleus are a 
potential source of tremendous power—what we know as 
atomic energy. The neutrons and protons in the nucleus 
are subject to two kinds of forces—attraction of all par- 
ticles (the same force as gravitation) and electrical repul- 
sion of the positive charges on the protons. In most cle- 
ments these forces are in stable equilibrium, but certain 
combinations of neutrons and protons are unstable, par- 
ticularly the large nuclei. Elements with unstable nuclei 
are called radioactive and constantly emit portions of their 
nuclei (alpha particles) or electrons (beta particles) as 
well as electromagnetic radiation (gamma rays). Such a 
material is uranium which consists approximately of 99.3 
per cent uranium 238 (atomic weight 238) and 0.7 per 
cent uranium 235. While both kinds of uranium (called 
isotopes) are radioactive, U235 is enormously more so and 
is the key to the atomic bomb. 

When splitting or “fission” of U235 occurs the products 
contain less mass than was contained in the neutrons and 


based on this report. 
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What's Behind the Atomic Bomb? 


DESIGN and croduction details of the atomic 
komb still are too secrets. However, ina War 
Department recort Prof. H. D. Smyth, consult- 
ant on the croizct, reveals much of the back- 
ground, and the accomreanying notes are 
Before atomic power 


becomes feasible for industrial purcoses, the 

nuclear chain reaction must be made to occur 

slower than in the bomb but fast enough to 

produce sufficiently high temreratures for 
good thermal efficiency 










protons comprising the original nucleus, and it 44 
energy corresponding to the mass difference that js 
source of atomic power. While the unstable U235 nud 
may disintegrate spontaneously, ordinarily it is set of} 
some agent such as a neutron, proton, alpha partic 
gamma ray. By far the most effective. missile js 
neutron which, having no electrical charge, is not ei 
deflected from its course by other particles. If one neviy 
cauces a fission that produces more than one new neuty 
the rate of reaction may accelerate, depending upon} 
many of the new neutrons cause splitting of other Ui} 
nuclei. To cause the chain reaction necessary for they Tol 
duction of explosive power, the escap2 of neutrons m njecti 
be reduced to a minimum. 

Proportion of neutrons that escape to tke surroundis 
depends on the size of the lump of material. Belowag 
tain critical size the ratio escaping due to the high» 
portion of surface to volume is so great that the react 
fizzles out. Above that size relatively few neutrons eseq 
and the chain reaction | 
curs. Herein lies the clue 
the detonation of the bon 
By constructing the be 
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pquip: 
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pieces which can at they g 





with several subcritical § 


ee ms a ‘ted ii 
sired moment be united i bottor 









one mass larger than the 
ical, the release of dein 
tive energy by chain reat 
can be timed. Probability 
fission is greatly increased 
use of a “moderator” sii 
carbon or “heavy 7 
which slows down the @ 
sive speed of the 
produced by fission. 7 

Inasmuch as orly 0.7 per cent of natural uramil 
U235, a major development was the separation OF 
from U238. However, when the neutrons emit 
U235 bombard the U238 nucleus a new element, Bi 
um, is produced which has a radioactivity compafé 
that of U235 and is entirely suitable for use a 
bombs. Plutonium production by this means, andi 
aration from uranium, constituted another major ¢ 
ment. 
Main problem in the design of the bomb was @ 
that the nuclear chain reaction .would be subst 
completed before the bomb itself flew apart. 
“tamper” or envelope of dense material, by vi 
inertia, delays the expansion and gives time for the 
pletion of the chain. It was also essential to Dm 
gether all the subcritical masses fast enough to B 
premature detonation before the bomb had reacht 
most compact form. By shooting one part as 4 PEN 
against another, sudden and perfect contact is obtaine® 
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Me neuty 
AW neuty 
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or thea Total immersion of water - alcohol 
trons minjection pumps on B-29 Superfortresses 
implifies installation and requires no ex- 


roundia : ; 
_ emal room for mounting, protecting the 


i Houipment from possible damage. De- 
high pa : 
1e react igned by Romec Pump Co., the entire unit 
ons excluding pressure regulating and relie! 


action @alve, motor, electrical connections, dis- 
the clue#eharge port, vent, drains and supercharger 
the boakonnection is assembled on a flange 
the balimounting. When the unit is inserted in 
‘tical he tank opening, gasketed and bolted 
at the ¢ 
inited if 
in the c 
f destni 
in react 
bability 
rease 


» 
r Su 


bn, all connections are available in the 
bottom of the flange, facilitating installa- 
ion and maintenance. 

Corrosion by galvanic action is obvi- 
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ated by insulating the pump parts from each other 
with nonconducting materials so that the water 
connot act as an electrolyte. Monel liner, pump 
blades and carbon bearings are thus insulated 
from the aluminum pump housing. The motor like- 
wise is fully insulated from the pump housing with 
O-ring rubber gaskets. Insulation is also used for 
the valve guide, valve seat, seal spring and other 
parts where dissimilar materials might set up a 
battery action resulting in corrosion. Motor parts 
operate in air at atmospheric pressure and there- 
fore require no corrosion protection. Gear drive for 
the pump rotor is lubrication packed, sealed from 
the pump rotor by a finger-spring-loaded neoprene 
seal and from the motor by a sealed bearing. 
Enclosed in a watertight housing the motor is 
vented to the atmosphere through an explosion- 
proof breather plug. Two O-ring rubber gaskets 
are utilized to seal the motor, one between the 
bolted assembly of the motor and pump body and 
one between the motor flange and stamped shell 


Boffle Plate 
Feed Conveyor 


Barking of logs in a revolutionary machine 
is making possible badly needed increase in paper 
production of United States mills. The machine, 
designed by Allis-Chalmers, is unique in that its 
operation depends on effective direction of water 
jets which strip bark from the logs by erosive 
action. A sectional view of the machine is shown 
above and a sketch of the principle of operation 
at top of next page. In this machine three jets of 
water, two bed rolls and a set of six wire brushes 
shear the logs of bark, dirt and fungus growth 
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which is assembled to the motor by two bois ualit 
shown in the drawing. A filter is utilized o, gq 
motor to stop radio interference, holding it be®> ° 
a level of 50 microvolts. Design of pump alloy." 
to pull within a half-inch of the bottom of the ta pe th 
as indicated in the sectional drawing. A gy, pead 
charger connection, also in the flange, leg iverir 
through a passage to a chamber behind g ggpou™ 
phragm. Supercharger pressure on this diaphrg’ 75 
increases the pump delivery proportionally throy 
a linkage, shown in the drawing, by incregg “™ 
the relief valve pressure. Drain plug and scrasp™® 
are a subassembly, facilitating cleaning of scres joel 
Weighing 6!4 pounds each, four pumps are uy 
on a B-29, one for each engine. The entire sysigh 
including 4 tanks and 40 gallons of water and ad 
hol weighs 700 pounds and, according to the Moj 
ification Center at Denver, increases the hor 
power of a Superfortress by more than 10 per cei 
It is expected that similar power increase may 
effected for cargo planes, trucks and busses. 


Bed Roll Drives 


without “end brooming the logs.” 1 
Logs fed into the intake py a conveyor aIes 
tered by a wing type bed chain and are Hes 
position in the bed-roll crotch by three 5% 
loaded baffle plates which prevent rotation ™ 
logs then pass to the two bed rolls—one MM 
the other spirally threaded—which rotate them 
move them forward. Each bed roll as well & 
front feed chain are driven by independent " 
horsepower variable-speed motors. By vary#i 
differential of roll speeds, maximum debGi 
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glity and machine capacity can be 
ired for any class of wood. Jet noz- 
Hes are a specially-designed elliptical 
ape for concentrated force. Water for 
he three jets is supplied by a high- 
ead four-stage centrifugal pump de- 
vering 600 gallons per minute at 650 
hounds per square inch pressure. Bark, 
aste water and dirt drop into a 
elded steel water hopper and sluice. 
Constructed of heavy, welded-steel 
Nate and rigidly reinforced structural i; ers 
Heel, the machine can be knocked 4 
town easily for moving. Watertight g a “@ CT lau, 
Hoors are built into the sides of the , ' if 
housing for quick access to inside : 1 
yorking parts. Waterproof floodlights 
luminate the interior so that the entire 
1e hors i 
refi pperation is visible through protected 
eloss windows. 
> may 
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umace - brazed assemblies for 
dard cam followers effect a savings of thirteen 
mis per part over machining from solid steel bar 
ck at The Glenn L. Martin Co. The assembled 
Mi consists of a rectangular flange with small 
ib lar projections at each side from the center 
of the flange. As shown in the photograph at 
it, the cylindrical portion is stock steel tubing, 
zed to the proper diameter and cut off in a screw 
r bach e. The rectangular flanged portion is 
Mpatked, pierced and sized from steel stock by a 
Tog essive die. Copper brazing rings on the as- 
mbled parts are brazed in an electric furnace. 

let brazing two attaching holes are drilled and 
Med, the flange portion profiled by milling and 
2 edge hardened by induction heating. 
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Measurement of movements 
or changes in position within one- 


tenth of a millionth inch may be 
made with the electrical microm- 
eter, left. This instrument utilizes the 
principle of static - free frequency 
modulation radio to measure the 
position of either slowly or rapidly 
moving objects without touching 
the object being measured and has 
been utilized in several important 
war investigations. In the photo- 
graph the micrometer developed by 
the Battelle Memorial Institute as a 
research tool, is being employed for 
measuring the errors in a high-pre- 
cision lathe spindle. Another appli- 
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Steering Lines 
Rk 


+®) Steering | 
LO} Cylinders 


Pressure Line B 


Section E-E 





cation is for measuring and Te¢y 
ing the changes in crysiaj Structy 
when steel is heated rapidly. 


Constant-ratio hydraulic Ses 
ing mechanism provides easy sies 
ing of heavy vehicles, allowing th 
use of big simple tires rather jh 
the many smaller ones used on my 
tiple wheels. Designed by Hey 
French, engineer for the Heil ( 
the elements of the Systema 
shown in section in the drawing} 
low and applied to a heavy earh 
moving vehicle at left. 


No mechanical conneciions g 
employed between the steerir 
wheel and the axles. The steeriz 
head, to which the steering whe 
is attached, contains a steering driv 
metering pump, steering valve, r 
lief valve, check valve and oil re 
ervoir. From the oil reservoir int 
steering head, the oil is draw 
through a suciion line to an engim 
driven hydraulic pump. 

The steering wheel serves meré 
as the hydraulic control for th 
power steer. When the steer 
wheel is turned to th 
right, the purnp forces q 
into the left-hand cylind 
causing right-hand stee 
ing movement. For alei 
hand turn the pressure 





on the right-hand cj 
inder. Front wheels 4 
the vehicle will remaini 
a locked position um 
the steering wheel! 
turned to allow a flow 
oil in either direction 
The metering pump giv4 
a constant ratio betwee 
steering wheel movemel 
and vehicle front whe 
movement. 

Should the powe 
driven pump ever fail, 
metering pump cutome 


pump, and draws 0 
through the check valve 
trom the oil reservoir 7 
forces it into the steem 
cylinders by manual & 
fort of the steering whe 
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Part II—Multiplying and Dividing 

multiplier is shown in Figs. 12 and 13. Fig. 12 demonstrates 
Ssure | the theory, which is based upon the fact that the corres- 
nd cyi ponding sides of similar triangles are proportional. Input 
eels of ASIC elements of continuous computing mechanisms x crosspiece is positioned by a double leadscrew so that 
main i | )were discussed in last month’s article of this series, it moves in a direction at right angles to the guide rail 
and their application to addition and subtraction carrying input y slide. A pin extends through slots in x 


on unl : 

tated. In the present article methods of performing crosspiece and the arm pivoted to y slide, and is located 
std tiplication and division by their intersection. This pin 
ge ll be covered and_ the engages a slot in output z 
e 4 


aiding of trigonometric NEAR-MIRACLES accomplished by the me- slide. A fixed pin, located at 


1p DiVinctions discus-ed. a definite unit distance D 
etwee Multiplication of two vari- chanical brains which direct the fire of mod- from the guide rail carrying 


rvemeniples ern guns have been so impressive that these _y «lide, works in a slot in the 

| whe z= xy mechanisms have come to be regarded as arm of y. Thus the movement 
y be performed by any Something altogether “out of this world”. of a M sets - a right 
m é . , triangle having distance 1 

powe'#eot a number of mechan- Clever and ingenious as they are, however, & ops id 

ail, thus, inchudi ; hig ee ; and the unit distance D to the 

fail, including the propor- close analysis shows them fo consist of certain Tey 

utomagnal movement multiplier y fixed pin as its two legs. Out- 


basic elements which by themselves are readi- _put z slide is constrained by 
ly understandable. These elements and their _a guide rail to move parallel 
to slide y by an amount de- 
termined by the pin extend- 
ing through the intersection 
of crosspiece x and the arm 
PororTIONAL Movement Other machines and control equipment will of y. Consequently it sets up 


\ 4 . ‘ ~ 
TPLIER: This type of find new uses for such mechanisms a second right triangle simi- 


» poweg® Sector type multiplier, the 
ws olf’ Cam — quarter squares 
. vd iliplier, and the logarith- present application to continuous computers 


oir @ multiplier. These will be are the subject of this series of articles, which 


_§ “ssed in detail j ° o ° ‘ ‘ 
steetilving eh presented in the belief that designers of 


ual ¢ 
, whe 
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Fig. 12 — Above — Proportional movement multiplier 
mechanism, which sets up two similar right-angled tri- 
angles with sides proportional to inputs and output 


\nput x 


lar to the first, but having as legs distances z and x. Putting 
the ratios of corresponding sides equal 


ee 

x D 

xy 

or z=—- 
D 


Taking D as the unit of measurement 
z=xy 


In Fig. 13 is shown the construction of this multiplier. 
Note the method of carrying the slides in the guide rails. 
The slide has three rollers, two of which run in a slot on 
one face of the rail, and the third bears on the other face. 
The rollers are mounted on eccentric studs, so that lost 
motion between the slide and rail can be reduced to a 
minimum and the correct mesh obtained between the 
rack teeth and the pinion. The bushing on the arm of the 
y slide which receives the pivot is also eccentric, so that 
distance D may be adjusted accurately. The pin connecting 
the three members is mounted on a crosshead on the y 
arm, which is lowermost, and extends through two similar 
crossheads on the other two members. 

If both input quantities may go both positive and nega- 
tive, the fixed pivot must be located in the center of the sys- 
tem, as in Fig. 12. It frequently happens that one quantity 
will never have a negative value, in which case the fixed 
pivot may be located at the top, which will permit either 
reducing the size or doubling the scale of x, as desired. If 
neither input goes negative, the fixed pivot may be located 
in an upper corner, with further reduction in size or im- 
provement of the scale. 


Sector Tyre Muttrpuier: This type of multiplier, Fig. 
14, is a modification of the proportional movement multi- 


















plier. By using sector arms and a‘four-bar linkage, the nedfhe \ 
for guide rails is obviated, but the computation is not helby dil 
retically exact and one input can have positive values ojifillon 
However, the errors can be made small enough to be sai 
factory in most cases, and by the use of an auxiliary 4 
ferential both variables can be made to go both posit 
and negative. Referring to Fig. 14, if radius arm D is tale 
as unity, the law of this multiplier is: bubst 


rives 





sinz = xsiny ¢ ta 
as z = sin* (x siny) = 
The difference between this value and the desired yaly a 
(z=xy) is quite small as long as the maximum value of uch 





is below about 30°, as may be seen from the followig 


neans 
table: 
ally. 
j ' dn 
Maximum Maximum error in z, ae 
value of y per cent of max. output ID 
0° 0 iH 
15° 0.44 pee 
30° 1.81 iplier 
45° 4,22 


Values in the foregoing table are determined as followg 
Absolute error in z = sin ( x sin y) — xy, where y isi hy) 
















radians; relative error = e = absolute error/maximumg™™* 

maximum z occurs where x = 1, at which time z = §™ 

therefore oq 

hiffere 

ir. ; Sin 

ex | sin (x sin y)—xy | oe 

he pi 

sin (x sin y) esh. 

Ee oe ae ide o 

beyon 

Fig. 13—Below—Partial view of a continuous computis revel 
mechanism, showing guide rails for carrying the slid 

of a proportional movement multiplier 
2s 
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, the nelfhe value of x that gives the maximum value of e, found 
; not theby differentiating and setting equal to zero, is given by the 
lues onfollowing equation: 
O be sat cnet 
iiary di rn ca 
h positi sin’y yy? 
D is takg 
ubstitution of this value in the foregoing expression for e 
ives the maximum relative error. Percentage figures in 
he table are equal to 100e. 
From Fig. 14 it can be seen that the x input positions a 
raveling nut by means of a lead screw on the input sector. 
; pin on this nut protrudes through the slot on the output 
red vali ctor crosspiece. This pin, obviously, cannot be brought 
value of wich beyond the pivot point of the sector, except by 
followin yeans of a long extension, which would be poor mechan- 
ally. Consequently this input cannot have both positive 
itil nd negative values. However, if a constant is added to 
output fis input equal to the most negative value, negative quan- 
ities can be handled. In this case the output of the mul- 
iplier will be: 
y (x + k) xy + ky=zt+ ky 
1s follows 
ere y isi ky is now subtracted from the output by means of a dif- 
ximum gerential (see Fig. 10, Part I), as shown in schematic 
e z - gm in Fig. 15, the final result will be z. Attention is 
lawn to the convenient schematic representation of the 
liferential used in Fig. 15 and subsequent diagrams. 
Since the sector arms are rather long and flexible and 
e supported only on the ends, it is customary to shroud 
he pinions engaging them to prevent their falling out of 
nesh. A shroud is simply a flat disk, placed on either 
ide of the pinion, and extending in the form of a flange 
eyond the teeth. These flanges support the sectors and 
computigrevent axial movement. 
the slide 





r Input y— (+) Pinions. (oz Output 
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x siny=Dsinz 






14—Above—Sector type multiplier, which is mechanic- 
simpler than that shown in Fig. 12 but which involves 
a slight error in result 
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| 15—Below—Sector multiplier arranged for negative 
Constant k is equal to most negative value of x 
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Fig. 16—Quarter er squares m multiplier, a recent development 
which promises S wide use. >. Squaring unit shown in Fig. 17 


Since the x lead screw is carried on the y input sector it 
must be able to swing. Consequently the connection to 
this screw must be by means of either a universal joint, or 
a pair of miter gears, the driving gear of which is coaxial 
with the pivot. 

If miter or bevel gears are used there will be a slight 
additional error produced by planetary rotation of the 
screw as the sector arm swings. This will occur as an 
error in the x input of magnitude depending upon the max- 
imum swing of the arm, the lead of the screw, and the 
ratio of the bevel gears. If N; = number of teeth in 
bevel gear on screw, N. = number of teeth in mating 
pinion and L = lead of screw (inches per turn), then the 
error Ax (per cent) is 


x= (57) (a) (sor) 0 


where y is expressed in degrees. This error normally is 
negligible in comparison with the other errors. 








Avoiding Planetary Error 







When flexible shafting or a universal coupling is used 
to drive the x input screw, there will not be any: planetary 
error if the shafting or coupling lies in the plane of the 
sector. With certain types of universal (such as the single 
Hooke’s joint) there will be an exceedingly small periodic 
error as the screw turns, of magnitude depending upon the 
angularity of the shafting. The derivation of this error is 
given in most textbooks on Kinematics. The maximum 
value is 





tan“ 





— AS 


Vv, 
; cos ai 


where A is the angularity of the shafts (or swing of the 
sector). 

Gear CamM—QuvuarTER Squares Mu tiPiier: This 
multiplier? is a recent development which promises wide 
use. It works on the principle of Quarter Squares, which 


3U. S. Patent 2,194,477. 




















aaa 


states that one-fourth the square. of the sum of two num- 
bers minus one-fourth the square of their difference is 
equal to their product: 


z=4(x+y)*—4(x—-y)* 
= (x*+2xyt+y*) —l4 (x*-2xy+y*) 
=xXY 


Fig. 16 shows in schematic form the arrangement for ac- 
complishing this. (x + y)? and (x — y)? are computed 
by means of squaring units, usually of the gear cam type, 
typical construction of which is shown in Fig. 17. The 
principle of operation is as follows. 

Referring to Fig. 18, assume the disk to be rotated by a 
given quantity, designated x. In frictional contact with 
the disk is a wheel which is constrained to move radially 
in direct proportion to the rotation of the disk. The path 
of this wheel will thus trace an Archimedean spiral on the 
disk. The wheel also will rotate at a rate proportional 
to the rate of rotation of the disk and the instantaneous 
radius, r, to the wheel, as shown in Fig. 18. Express- 
ing this in mathematical terms, if x = angular rotation of 
disk, r = instantaneous radius of contact = Kx, where K 
is “lead” of spiral per radian, y = angular rotation of 
wheel, and R = radius of wheel, then 


Rdy=rdx 
or Rdy=Kxdx 
Integrating: 


ya 5 ss 


Kx 


QR 


Thus it will be seen that the output wheel rotation is pro- 
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Fig. 17—Above—Gear cam type squaring unit in whi 
wheel rotation is proportional to square of disk rotai 
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Fig. 18—Below—Principle of the gear cam squaring u 
showing relative movement of output wheel and input dates | 
adius 













Path of Follower on Disk 
(Archimedean Spiral; r=k x) 


portional to the square of the input disk rotation. Ho 
ever, thus far frictional contact, which is subject to § 
page and loss of calibration, has been assumed. SU 
tution of a spur gear for the output wheel, and the p 
ing of teeth along the spiral of the disk will produe 
positive drive. The shape of each tooth can be a fi 
of revolution produced by revolving the basic rack 
of the gearing system used. In the case of involute g 
ing such teeth would be truncated cones. The proper’ 
ing of the teeth may be determined as follows: Let P 
diametral pitch used and T = tooth number, then . 


Bam a 
- K A 
= Se Fae 2 
y=T- PR” R* 
2 
Banat a 
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rom these last two formulas can be computed the polar 


pordinates of each tooth. Note that the tooth at the 
enter of the disk is tooth zero. 
The output pinion is mounted on a square or splined 
haft, so that it can slide axially on the shaft and at the 
ame time rotate it. It is held in mesh with the teeth on 
he cam by a guide shoe or saddle which bears on adja- 
nt teeth and causes the pinion to follow the spiral, see 
g. 17. 
OrrseT FOLLOWER: In Fig. 18 it will be observed that 
He plane of the output wheel always is inclined more or 
ss to the tangent of the spiral, approaching 90° at the 
enter of the disk. This leads to mechanical difficulties 
ear the center, as the output pinion may interfere with 
seth at other points on the spiral. Happily, this can be 
wercome simply by offsetting the follower so that its axial 
novement is not along the radius of the disk but some dis- 
ance below it. The form of the spiral then becomes the 
nvolute of a circle having a radius equal to the offset dis- 
raring mance. Referring to Fig. 19, when the follower arm ro- 
1 input dates through the differential angle, dx, the follower arm 
adius lengthens by the differential amount dr (actually 


it in whi 
isk rotati 


Fig. 19—Left—Shape of 
spiral (involute) when 
gear cam follower is 
offset. This design 
avoids interference of 
output pinion and teeth 
near center of disk 





Fig. 20 — Below — 
Quarter squares multi- 
plier arranged for nega- 
tive input. Constant k 
is equal to the most 
negative value of either 
input quantity 
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company has been to cut them out of the solid with a fly 
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Fig. 21—Logarithmic multiplier, with provision for negative 
input values. Log and antilog converters may employ any 
type of computing cam or equivalent mechanism 


the cam rotates and the follower arm remains stationary, 
but the relative motion is as described). In order for the 
radius arm to remain normal to the spiral, r + dr must 
be equal to r + A dx, where A is the radius of the circle 
of involution, whence dr/dx = A. The differential length 
of the spiral is r dx, which is of course equal to the travel 
of the pitch circle of the output gear, or: 


rdx=Rdy 
dy 
—-—— 
dx 
d d? 
Differentiating, = = ss = 


Y= 2p 
dy K 
dx? R 


Therefore: 
K 
A=R ( - ) oK 


In other words, the offset distance must be equal to the 
lead per radian. 

Data for locating the teeth are, of course, computed in 
the same way as before, but r now means the distance of 
the tooth from the point of tangency of the offset circle, 
instead of from the center of the cam. It is not necessary 
to compute the distances from the center of the cam in 
iaying out the teeth, because it is just as easy to measure 
from the offset point. 

MANUFACTURE OF GEAR Cams: A variety of methods 
have been used in manufacturing these cams. The most 
cbvious way is to make the conical teeth separately in a 
screw machine, and insert them in holes drilled at the 
proper locations in the cam. When only a small number 
of cams are to be made this is a satisfactory method, but 
it is too time-consuming for quantity production. A good 
method for high production is die casting. Punch extru- 
sion of the teeth into a die also has been used successfully, 
but is apt to give weaker teeth. A method used by our 
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+ __.| Multiplier oe 2 
Ouput Fig. 22—Left—Setup 
for performing divi- 
Inputs , sion by means of a 
vA reciprocal converter 
and one of the multi- 
pliers already illus- 
y Feciprocal trated and discussed 
Converter 











cutter in a special machine, which is indexed automatically 
by a master cam. This method is fast and accurate, and 
produces strong teeth integral with the disk. Another 
firm has generated the teeth with a Fellows-type shaper. 
This method produces modified rack teeth similar to those 
in face gears. 


NEGATIVE Numpers: It probably has occurred to the 
reader that since the gear cam can handle values of but 
one algebraic sign, some difficulty will be encountered 
when dealing with quantities that can vary from positive 
to negative. This difficulty can easily be resolved in a 
manner similar to that described in connection with the 
sector multiplier. A constant is added to each cam input 
equal to the most negative value either input can assume. 
Let this quantity be k. Then output of combined cams is: 


M4 (x+y+k)?—M (x—y+k)? 
= (x*+y°+h+ 2xy+2hx+2ky) 
—Y, (x*+-y?+ k?— 2xy+2kx—Qky) 
=xy+ky 


The ky term is subtracted out in a differential, leaving xy. 
The connections are shown in schematic form in Fig. 20. 
It should be noted that this procedure is generally neces- 
sary even when x and y do not themselves actually change 
sign, because it is usually possible for the (x-y) terms to 
become negative anyway. 

LOGARITHMIC MuLTiPLieR: In this multiplier the 
two input quantities are converted to logarithmic func- 
tions by suitable means and added, thereby producing the 
logarithm of their product. This quantity then is recon- 
verted to the linear scale by an antilog converter. Since 
the logarithm of zero is minus infinity, it is evident that 
the inputs to the converters cannot go negative, and must, 
in fact, have a finite minimum positive value. Conse- 
quently constant quantities, somewhat greater than the 
maximum negative values, must be added to the two in- 
puts, and their effect removed later. This process is dem- 
onstrated in the schematic diagram, Fig. 21. The com- 
bined output of the two log units is 


log (x+k)+log (y+k) 
=log|(x+k)(y+k)] 
=log|xy+k (x+y) +h’ 


which after reconversion in the antilog unit becomes xy + 
k(x + y) + k*. Term k(x + y) is obtained from the two 
inputs by a differential and is subtracted from the output 
of the antilog unit, and the k? term is removed by a con- 
stant offset, leaving xy. , 
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The log and antilog converters may be any of the yy 
ous types of computing cams. The so-called “queer gea 
and tape wheels also have been used for this purl ! 
These will be discussed in more detail in a Subseque 
article in this series. 


Division: Division of two variables 


obviously could be performed simply by reversing one, 
the previously described types of multiplier. In gq 
cases this can be done, but the designer must beware dt 
danger. As the divisor approaches zero, the quotient 
course approaches infinity, which means a tremendous jsf 
crease in the ratio from output to input. When the mi 
tiplier was used in the conventional way for multiplyix 
the ratio of output to input motion approached, as a ty 
limit, the same value the ratio now approaches as a by 
tom limit. Thus even a small mechanical force on ty 
output may be greatly magnified at the input, which eff 
tually limits the divisor to a minimum of something lig 
50 per cent of its maximum value. It is also evident th 
the maximum value of x cannot exceed 50 per cent of 
possible travel, or z would exceed 100 per cent when yi 
50 per cent, thereby running it against its limit and px 
haps damaging parts. 

A better method is to compute the reciprocal, 1/y, a 
then multiply this quantity by x in a conventional mul 
plier, as shown in Fig. 22. The reciprocal can be cm 
puted by one of the various types of cam mechanism to ij 
described in Part III. 

There is another way to divide with a multiplier alo 
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Follow-up Contro/ Sa” 


Fig. 23—Above—Arrangement for performing divisi 
using a servo-motor and a multiplier unit 


Fig. 24—Below—Scotch yoke mechanism for obtaini 
sines or cosines. Slide is guided for vertical move 
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it requires a servo-motor. Fig. 23 shows the sche- 
cer genfptic arrangement for this method. A servo-motor drives 
p mnie input, 2, of a multiplier, the other input to which is 
ibseqnafe Variable, y. The output, yz, then goes to a differen- 
“W where the other variable, x, is subtracted from it. 
» difference (yz—x) then operates a follow-up con- 
| which controls the action of the servo-motor. This 
ss the motor to drive until the control is neutralized, 

which time zy — x = Oorz = x/y. 
e follow-up control consists essentially of a movable 
ng one dtact, driven by the output of the differential, which se- 
In smfftively engages one of two fixed contacts. The direc- 
beware do of rotation of the motor depends upon which con- 


F the 


sotient et is made. When the output of the differential is zero, 
ndous age movable contact lies between the two fixed contacts, 
the mifid is said to be “neutralized”. The design and construc- 


iltiplyingype of follow-up controls will be discussed in more detail 
as a to’ subsequent article, in connection with servos. 


as a bi 
€ On ti 
lich effe 
thing lig TRIGONOMETRIC Functions: Two methods generally 
ident tuiged in computing trigonometric functions might be des- 
ent ofigmated the geometric and the tabular. The geometric 
when yigethod consists of setting up the trigonometric vectors 
and pagechanically and then “taking off’ the various functions 
movements of appropriately placed slides. With the 
1/y, agbular method the various functions are computed by 
1al muligms or cam-type mechanisms. Which method to use is 
be compnerally determined by the accuracy requirements and 
ism toe mechanical feasibility. The accuracy is, of course, de- 
ident largely upon the scale used, so that for high ac- 
with geometric solutions the equipment tends to 
come extremely bulky. Also, with functions other than 
sine and cosine, mechanical considerations generally 
z}fstrict the computation to rather narrow ranges since 
dupi fly the sine and cosine have finite limits. The present 
ction will deal only with the geometric method. Since 
e tabular method does not differ from any other compu- 
ectios @tion involving cams, it is covered in a later section on 
at subject. 
Sinz AND Cosine: These functions are computed by 
¢ familiar Scotch yoke mechanism (Fig. 24). If the 
divisi@dius to the pin is taken as the unit of measurement, 
en the vertical motion of the slide represents the sine or 
ts pine of the angle, depending upon the axis of reference. 
en two slides are used, moving along axes at right 
‘Piles. The pin extends through slots in both slides, thus 
widing both sine and cosine simultaneously. The rails 
eit ing the slides are constructed like those in the pro- 
cup Prtional movement multiplier. 
Component SotverR: This is a common form of sine- 
sine mechanism, and is shown in Fig. 25. It includes 
i additional input to permit changing the vector length, 


Geometric Computation of Trig Function 
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— Rock 


Bi % well as angular position, @, and solves the equations: 
in Gor Det 
- x=r cos 6 

y=r sin 0 


pihown, the pin is carried on a crosshead in the angle 
» the crosshead being moved radially by a rack and 
inion at the center. Other methods might be used; for 
kample the pin might be carried on a traveling nut driven 
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Fig. 25—Above—Principle of the com- 
ponent solver, which provides for 
change in vector length 


Compensating 
Differential 





Fig. 26—Below—Component solver 
arranged for obtaining the resultant 
of two components 
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by a lead screw, the latter being turned by a pair of miter 
gears located at the center. 

Note the compensating differential in Fig. 25. If this 
were not present, rotation of the angle gear would cause a 
change in the length of the vector. With this differential, 
a change in angle rotates the angle gear and the vector 
pinion equally, so that there is no relative motion of the 
pinion and rack. A change in the length input, however, 
changes only the vector length. 


When Resultant of Components Is Needed 


CoMPUTATION OF RESULTANT: Occasionally a problem 
will arise which requires that two components, x and y, 
be combined to form the resultant vector r, 6. This can 
be accomplished with a component solver by the use of 
servo-motors and a quadrant switch. Fig. 26 shows the 
schematic arrangement. The angle and vector length in- 
puts to the component solver both are driven by servo- 
motors. The computed components, designated x’ and y’, 
are “matched” with the corresponding incoming x and y 
components by differentials. The outputs of these differ- 
entials drive two follow-up controls which in turn control 
the two servos through the quadrant switch. When the 
vector represents the correct resultant, x” = x andy’ = y, 
the control contacts are neutral and the servos are at rest. 
The quadrant switch, driven by the angle, determines 
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which follow-up control is connected to which servo, and 
also the sense in which it is connected. The reason for this 
will be made clear by the following: 

Between 45° and 135° the angle, 6, is principally af- 
fected by the x component (x = r cos @), and in a sense 
. such that an increase in x causes a decrease in the angle. 
On the other hand the vector length, r, is principally af- 
fected by the y component (y = r sin @), and in a sense 
such that an increase in y causes an increase in the length. 
Consequently, for the region between 45° and 135° the 
quadrant switch connects the x follow-up control to the 
angle servo and the y control to the length servo, and in 
the manner to produce the senses indicated in the forego- 
ing. The mutations for the other quadrants, 135° to 225°, 
225° to 315° and 315° to 45°, can readily be traced by 
the reader. 

It may now be asked, “Although the x component will 
principally affect the angle in the region 45° to 135’, it 
should also have some effect on the length. With the con- 
nections as in the foregoing how is this brought about?” 
The answer is, through the other control. If a small 
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Fig. 27—Above—Tangent computer, also used for obtain- 
ing cotangents by rotating axis of reference 99D degrees 


Fig. 28—Below—Secant computer of the geometric type, 
which is suitable for angles up to 30 degrees 
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change occurs in, say, the x component only, the » 
servo begins to drive to accommodate the change, 
tion of the angle gear tends to change y’ also, which 
tuates the y control (since y has not changed) and e [ 
the length servo to drive so as to maintain y’ — y. ) 
a change in x produces changes in angle and length 
most simultaneously, and they would so appear to anya 
watching the operation. Actually all the quadrant swig 
does is to decide which servo initiates the computatig 
It will now be evident that the transfer points are not g 
ical, so the switch is made with an overlap of about jj 
For example the transfer takes place at 50° when | 
angle is increasing, and at 40° when decreasing, Thi 
to avoid any hiatus which would occur if the vector ly 
pened to be wandering about in the vicinity of a shay 
fixed transfer point. The switch is, of course, snap acti 
so that the connections are always either one way orf 
other; otherwise the servos might get “hung up” on 
transfer point. 

When the vector length becomes zero, the angle ¢ 
putation naturally becomes indeterminate, since a pi 
can have no angular position. Therefore as the ved 
approaches zero length, small influences such as back 
tend to have a great effect on the accuracy of the a 
determination and the angle servo may wander, taking 
the backlash first one way and then the other. Cm 
quently it is a good plan to have a limit switch whichy 
cut out the angle servo whenever the length setting 
below a minimum value, as determined by test of! 


saci A 
particular design. Q 
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TANGENT AND CoTANGENT: The mechanism for @ 
puting the tangent is shown in Fig. 27. It differs i" 
the sine mechanism in that the pin is on the slide and! 
slot on the rotating arm. Mechanical considerations us 
ly limit this computer to about +45°. The cotam 
mechanism is identical except that the axis of referé 
rotated 90°. . 


SECANT AND CosEcANT: Fig. 28 shows an arrang@ 
for computing the secant. In this case the pin is@ 
on a rack sliding in the arm and engaging a pinion@ 
center, and works in a slotted guide at a fixed w 
tance, D. Note the compensating differential. 4 
cosecant mechanism is identical except for a 90° 
of the reference axis. Since geometric methods 
suitable for secants of angles much larger than abot 
cams or cam-type mechanisms almost invariably am 
instead, and this practice is recommended to them 

In all the foregoing mechanisms, motion is {am 
from input member to output member by means 0% 
running in a lot. It is of the utmost importance ® 
pin slide freely, yet maintain a close fit with the s@ 
this reason the pins should be equipped with rollers 
ball bearings are satisfactory for this purpose, ( 
races being in contact with the sides of the slot, 
inner races forced over the pins. § 

Third article in this series, to be published next 
will be concerned with cams and other tabular? 
isms for solving mathematical relations which resist 
putation by methods such as those already dis 
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By Marion B. Sawyer 


est of | BNORMAL speed and power requirements, often Fig. 1—“Power-On” motor with a 
a necessity in special machines, frequently present progeller mounted ready to be in- 
extraordinary design difficulties. Where these can- stalled in a wind-tunnel model 

Limited ot satisfactorily be solved through the utilization of Sts. B6:DiibiTedliad aa 

andard equipment, electric motors specifically devel- plane mae! movaied ts winil-tan- 

ped for the job from the ground up may be necessary. nel ready to be tested. Each pro- 

Successful design with special-purpose motors involves _pellor is driven by a high-frequency 

aeful consideration of machine requirements or “to-be- —_—s motor similar to that shown in Fig. 1 
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Fig. 3—Above—Counter-rotation co-axial motor designed Fig. 4—Below—Extremely lightweight hand grinder, 
cial motor makes possible a 2-hp, 16-pound tog} 


to drive counter-rotating propellers in wind-tunnel work 
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met” specifications. Of these, maximum horsepower-to- 
weight ratio, restricted diameter, abnormal speeds, and 
waterproof or explosionproof construction are but a few. 
A special machine application might stress high-speed and 
small housing diameter, with overall length and weight of 
no importance. In a submersible pump or mine motor, di- 
mensions might be overlooked in favor of resistance to 
water or mine gases. In a so-called “Power-On” motor for 
driving wind-tunnel model aircraft propellers (Fig. 1), 
space factor, diameter, and length usually are so com- 
bined as to provide maximum intermittent horsepower 
output with the weight factor overlooked. Obviously then, 
the “Power-On” or wind-tunnel motor would not meet 
the requirements of a hand tool such as a portable 
grinder, where least weight per horsepower becomes the 
primary design consideration. 

The engineering of such special electric motors is unique 
to the extent that it seems as though no definite rules can 
be applied to the many phases of the subject. In occa- 
sional cases novel or unorthodox methods have been 
evolved to enable the fulfillment of particularly difficult 
specifications. For example, there is the use of a coolant 
gas admitted through a hollow rotor shaft and expended 
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against the stator end coils and shell to control mé 
temperature. Again, there are heat transfers, special imp 
nation for moisture proofing, etc. The motor shown mi 
1 is nothing more than the portrayal of an internal a 
bustion airplane engine reduced in exact scale to fit Mijas 
a model plane, (Fig. 2), to be used for wind-tunnel t# 

Here four of these métors furnish power for driving 
pellers remotely to produce in the model the samé 
dynamic effect as its gasoline engine counterpart i : | 
full scale plane. In this type of special motor i 
manufacture, cost of construction is no object ang} 3 
sideration of the cost of maintenance is of little impé . : 
as long as there is sufficient life to carry throug 
required test. For this reason fine silver frequently ist 

for rotor bars, impregnating compounds costing #8 is 
as ten dollars per gallon for special coils, high q 
stainless steels for motor shafts, and expensive meu , 
heat transfer purposes. 

Nearly every wind-tunnel plane model requires al i 
or motors with entirely different space factor P 
output. A great many of the motors used for appt 
such as that shown in Fig. 2 are designed to the Mm 
produce the greatest possible horsepower in the sm 
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sible space. Some conception as to comparative size and inches in length develops 3 horsepower at 18,000 revo- 
»¢ can be gained from the general characteristics of lutions per minute. In these units, pure silver rotor bars 
se water-jacketed motors which follow: One model and end rings were used as conductors, not just for the 
aches in outside diameter by 5% inches in length increased conductivity, but to: (1) eliminate high resis- 
jlops 6 horsepower at 28,000 revolutions per minute; tance between the bars and the end rings (silver makes 
Wher 3% inches in outside diameter by 7 inches in a more positive bond), (2) decrease the time dwell at the 
th develops 15 horsepower at 17,000 revolutions per high welding temperature required to unite each bar to 
te; still a third 2% inches in outside diameter by 6% the end ring, thereby eliminating all chance of irregular 
‘ . conductivity, and (3) materially decrease the chances for 
high welding temperature to impair the electrical charac- 

teristics of the steel laminations. 


ee, 


Conventional Design Failed 


The co-axial counter-rotation motor shown in Fig. 3 is 
an unusual motor design which involved both space factor 
and weight problems. Developed to drive counter-rotating 
propellers in wind-tunnel work, the stator of this motor is 
connected to a shaft and actually revolves in counterclock- 
wise direction while the rotor turns at equal speed in 
clockwise direction. The motor, wound four-pole, de- 
velops 30 horsepower on each shaft at 4000 revolutions per 
minute or a total of 60 horsepower output. In operation of 
the original model, conventional stator end coils shorted 
out because of the high peripheral speed of the unit. Ordi- 
nary end coil banding proved a failure because the coils, 
shifting slightly, threw the entire unit out of balance. 
This in turn caused poor commutation at the slip rings 
and the accompanying arcing burned the commutator 
bronze to such an extent the motor would not put out its 
full 60 horsepower at the required 4000 revolutions per 


minute. To cope with this problem a cupped stainless 
steel jacket, insulated on the inside with mica, was forced 
over the end coils in place of the conventional type of 
banding. This was then impregnated with a hard insula- 
ting varnish so that the end coils and stainless cups or 
holders became virtually a solid unit. Thus, coil move- 
§. S— Above — High-frequency water-jacketed milling ment was eliminated, and the stator could be balanced 


ofor mounted in conventional milling machine. Speeds 
om 9000 to 15,000 rpm are instantly available with 
this unusually compact arrangement 


properly to avoid all vibration. 

Material in the slip rings, after exhaustive testing, was 
changed to fine silver which improved commutation to 
mpi. 6—Below—Milling motor which develops 74% hp a mn extent making possible the desired current flow in 
nh *910800 rpm on 220-volt, 3-phase, 180-cycle current 
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operation. Even though the soft, ductile silver employed 
has a short mechanical life, it holds up sufficiently well 
for the intermittent demands of wind-tunnel testing. Oxide 
formed on the silver during operation is equally as high 
in conductivity as the parent metal itself, thus all detri- 
mental sparking at the brushes is obviated. 

The motors discussed in the foregoing, though definitely 
classed as special-purpose motors, are of such design and 
materials as to preclude their use for practically any of the 
usual commercial applications. On the other hand there 
are a great many new installations which will allow a high 
original motor cost. These fall into a class where the mo- 
tor and its purpose become a single production unit such 
as a portable grinder, a special machine, a portable sub- 
mersible pump, etc. As the name implies, portability in a 
machine always indicates light weight and small dimen- 
sion in comparison to power output. It alco means a more 
expensive type of motor, the user being more than willing 
to pay a reasonable increased cost per horsepower for the 
ease of transportation and handling. 


Designed to Suit Conditions 


A portable submersible pump built for control of battle 
damage on board warships is powered by a special motor 
having a stator that is 4% inches in diameter by 10% 
inches long and a rotor that is 2%4 inches in diameter. This 
unit produces 7% horsepower submerged, pumping some 
200 or more gallons per minute at a 50-foot head. The 
water pumped is routed to flow through the unit, circu- 
lating around the stator to maintain a constant tempera- 
ture. 

Torque driven portable grinders, (Fig. 4), renresent a 
design problem opposite to that of the pump. In the pump 
motor, water is the ready coolant and the horsenower load 
is constant, while in a grinder, air is the available coolant 
and the horsepower duty is intermittent. This reverses 
both the mechanical and electrical design so that the two 








units scarcely resemble each other. In the pump my 
efficiency and power factor are very important 
is not so in the grinder. 
These portable hand grinders are illustrative of f 
importance rather than inventive importance, yg 
number and shape of the rotor slots, width of 
and allowable rotor bore, method of impregnation: 


—— 


Fig. 7—A 5-hp routing machine in operation. Using a 
cycle current this motor operates at 150004% rl 
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of material used, and heat transfer. All contribute to deli- 
cate balance of design which makes it possible to create 
a special lightweight grinder, similar to that shown in Fig. 
4, which produces a constant 2 horsepower output at 3600 
revolutions per minute with a pull-out of momentary load 
of nearly 4 horsepower. Total weight. less guard and 
wheel, when manufactured of aluminum is 22 pounds, and 
made of magnesium it is 19 pounds. 

Should the same power be required in another appli- 
cation where possibly the stator lamination would have to 
be 3% inches in diameter rather than 43% inches as in the 
motor in Fig. 4, the total weight would be increased ap- 
proximately 25 per cent. Design would change so radically 
that the only common factor would be that each is a poly- 
phase induction motor. Thus, each application carries 
its own design problems, especially where extreme speeds 
obtained by high and varying frequencies are concerned. 
Where increased production is possible by no other means, 


as with machine tools and allied equipment, the motor 


cost assumes little importance in the over-all machine cost. 


Increased Production Possible 


A spectacular demonstration of high speeds (by means 
of high frequency) is illustrated in Fig. 5. This shows a 
milling operation on an aluminum part at one of the major 
aircraft companies. Cutting speeds around 2500 linear feet 
per minute which were first used on aluminum or dural 
have increased as production demands increased, until to- 
day speeds as high as 10,000 linear feet per minute are 
common. It has been found that such materials can be 
worked at higher speeds than wood when cutters with 
proper clearance and adequate lubrication are used. The 


Fig. 8—Left—General construction details of a high-fre- 
quency motor developed especially for routing work 


Fig. 9—Special-purpose grinding motor for fine internal 
work develops 11% hp at 15,000 rpm on 250-cycle current. 
Extreme proportions indicate wide range of possibilities 
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Fig. 1O—A special high-speed built-in power drill spindle 
which develops 2 hp at 15,000 rpm 


milliag machine in Fig. 5 has a water-jacketed motor 
capable of developing 15 horsepower at 250 cycles, opera- 
ting at a cutting speed of approximately 7000 linear feet 
per minute. By varying the frequency, speeds from 9000 to 
15,000 revolutions per minute are available. Fig. 6 shows 
a cross-sectional view of a milling motor designed to de- 
velop 7% horsepower on 180 cycle current at 10,800 
revolutions per minute. 

High-speed routing operations have improved along 
somewhat similar lines, Fig. 7. Developing 5 horsepower 
in operation on 250 cycle current, the router motor drives 
a cutter at 15,000 revolutions per minute. The sectional 
drawing in Fig. 8 shows the general construction. This 
router motor utilizes a fan to drive air at high velocity 
over the exterior of the stator for cooling. The rotor-stator 
air gap and interior is protected from dust and chips 
through the use of special sleeves which completely en- 
close the rotating parts. The extra cooling effect of the 
fan is required in this unit because the motor often is 
overloaded for short periods of time. 

Many special type grinding machines are designed with 
speeds far below those desirable for maximum quality 
and production. To obtain in such machines, maximum 
efficiency, tailored-to-suit speed ranges and proper space 








factor, the special purpose motor often is justified, 
trative of such a motor for fine internal grinding} 
one shown in Fig. 9. Shell outside diameter of 9%} 
and the length, approximately 15 inches, represent m 
treme case where length is overlooked in favor of g 
diameter, power and speed. Another, a 400-cyce x 
develops about 6 horsepower at 24,000 revolutions 
minute and is only 1% inches in diameter by abot 
inches in length. 

In the high-speed drilling spindle shown in Fig, 
no coolant is required other than the metal ca 
against the motor shell when the unit is mounted 
operation. Indirect radiation or transfer of heat is s 
cient in these units. The motorized drill spindle in Fig 
exemplifies a condition where diameter is restricted 
overall length is of no importance. A 2 15/16-ineh ( 
meter shell houses the motor which develops 2 horsepo 
at 15,000 revolutions per minute on 250-cycle current 

The foregoing may help to give the designer 4 
idea as to the vast little-tapped possibilities of sp 
motor applications. Suffice it to say that in any de 
application where quality predominates or where prog, 
tion increase of possibly several hundred per cent 
be in order, the high cost of a special purpose motor! 
comes of secondary importance and in some cases df 
concer at all. 
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B-32 Details Unveiled 


Newest of the Army Air Force’s big bombers, the long 
restricted Consolidated B-32, sister ship of the Boeing 
B-29, has seen action with general George C. Kenney’s Far 
Eastern Air Forces. Featuring heavy fire power and bomb 
load the B-32 was designed especially for operations in the 
Pacific. Although certain details are not yet available, it is 
known to carry sizeable bomb loads for long distances at 
speeds exceeding 300 mph. 

It is an all-metal, high-wing, single-tail monoplane with 
a cylindrical, semi-monocoque fuselage and a modified 
Davis low-drag wing with fowler type flaps. The tricycle 
landing gear which uses dual tires, is fully retractable and 
has a completely swiveling nose wheel. 

Power is supplied by four double-row, 18-cylinder 
Wright cyclone engines of 2200 hp, each equipped with 


126 





nes, | 
bes OF 


. gaeed Ww 
two exhaust-driven turbo-superchargers. The Curtiss " 


blade electric propellers have a diameter of 16 feet wl 
inches, and are equipped with Curtiss automatic syne ” 
nizers. Propellers on the two inboard engines have od of 
versible-pitch blades for braking during the landing 
Wing span of the B-32 is 135 feet, length is 83 feet 1m 
and height is 32 feet 2 inches. It has a wing area of | 
square feet and a gross weight of approximately 100 deve 
pounds. Overloaded it weighs 120,000 pounds and emia ible 
more than 60,000 pounds. —y 


Normal crew is eight and the first of the B-32 CM By,, q 


vee! 


see combat were former Liberator men, except ptt 
aerial engineers, who had finished their operations a nts in 
in the Fourth Air Force. It was the first time in W naling 


II that a new tactical type aircraft was asst ee of « 
Training Command before it was engaged in Op deve 
training in the Continental United States. rater ¢ 





MACHINE Desicn—Septembeh, "Eicon 




























tal COL 

ounted 

cat is 9 

> in Fig 

stricted 

6-inch | 

horsepo 

current. 

ee wi | HENEVER an operation or 

wy il series of operations must be 

re pall repeated in a definite time 

cent mf 22 automatic time control 

alll be utilized to initiate and con- 

oud these functions in their proper 

and for the required length of time. 

ether timers govern plastic molding ma- 
nes, batch mixers, radios, domestic appli- 
es or other equipment they should be se- 

srtiss with care commensurate with the ac- 

16 fel" Service and dependability required. 

c syd are used to control duration of operation, time 

hee after initiating impulse, opening circuit after selected 


ding of inoperation, and other machine functions where 
set Li tme interval is the controlling factor rather than se- 
me operations. Increased automatic operation and 
ments in processing during the past years have led to 
development of dependable timing devices which are 
ble as standard parts with a large selection of timing 
ares for a variety of applications. 

at demands for timers have taxed manufacturing capa- 
0 the limit and has brought about many improve- 
is in design. Applications include radar, gun control, 
ang and manufacturing equipment. Emphasis on 
of operation and accurate control indicate that post- 
developments will utilize time-cycle control to a much 
let extent than previously was considered practical. 
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Fig. 1—Short wave dia- 
thermy machine utilizes 
clock escapement for 
timing operation 


Timers may be grouped according to their principle of 
operation. Generally this grouping gives an indication of 
the length of timing cycles available and the accuracy of 
cycling attainable. This article will discuss the features 
of this group except motor-driven and discuss typical 
timer units and their applications. Motor-driven program 
timers will be treated in Part II to be published in a later 
issue. 

These groups of timers are 


4. Condenser capacity 
5. Inductive 
6. Motor driven 


1. Hair-spring clock 
2. Dashpot 
8. Thermal 


Hair-spring clock escapement timers are designed pri- 
marily for economical and safe operation of electric or 
nonelectric equipment which requires time control or 
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Fig. 2—Above—Clock mechanism for dial setting of time 
intervals up to 3 hours 


Fig. 3—Belcw— Closing of contactor is delayed by mercury 
dashpot shown at right in automatic motor starter 



















signaling. They are usually either knob and dij f4—Rit 
lever set, the setting energizing the timer’s Main Erg 
for the period of operation. Dial Setting units ar ym for 4 
where e.ch cycle requires variation in timing sy} 
the short-wave diathermy machine in Fig. 1 as wel btes 
mixers, hair dryers and washing machines, and shal. 
located in a convenient place with other major oy 
controls. A lsver timer may be placed at an advan 
location so that its lever may be set by the moveneg 
machine element or by a solenoid circuit to jajj 
timing cycle. If a lever timer requires frequent 
changes, however, consideration shi 1d be given 4 
providing convenience in adjustment. Such adj 
usually are lever or cam controlled with suitah) cure i 
brations. Lever timers do not have as long cycling move! 
as do the dial types. Their cycles are restricted ty» her | 
up to six minutes. Also contacts are usually 3 thy) 
peres. bet ac 
Dial timers like the one shown in Fig. 2 are ayailif dela 
15, 30, 60 and 120-minute ranges. Electrical be of 
are rated at 6, 15 and 20 amperes, 110-volt alten, 
current. They may be single or double pol», silliyhen 
double throw and normally open or normally close} on fe 
clock e-capement is self starting on energizing a easily 
sufficient power for snap-action switching. Some dh com 
have s¢lf-powered switch mechani-ms which affyentio 
when the cycle is initiated. These permit the use of ps, t 
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clock movements, requiring orly enough power to offined 
the escapement. Also, the timers do not slow ¢own tilandar 
the end of the cycle because of the added tiffears a 


load. mpora 
e equ 

Dashpots Are Used Where Timing Is Net Precitfike cc 

te the 


Dashpots are employed as timing units in relajsfhance 
draulic circuits and mechanisms where accuracy if, prit 
a factor and the temperature does not vary over ext, poo, 
Usuelly they are util'zed to delay operation of a mech volur 
or the closing of a circuit for a presel-cte1 intervafwel} ; 
ecaping through a small hol> or adjustable orifishijiary 
oil or mercury in the dashpot allows a piston to move 
controlled rate. Typical applications are for delay 
momentary power failure to preclude contactors! 
opening prematurely and for controlling the accelerat 
motors on starting. . 

Conventional air and oil dashpots for relay beat same 
are adjustable for periods ranging from 1% to 15 segpe a 
while mercury dashpots on automatic motor starters 
as shown in Fig. 3 range between % and 25 seconds 
justment. A pnewmatic timing device, diaphragm a" am 
instead of piston, having a range of settings up to 5mm i 
with rot more variation in operation than = 10 pert bia 
from the mean timing period is shown in Fig. 4. At A 
of the timing period the diaphragm is pushed upw os ; 
action of a solenoid oni the operating block. Air in the ¢! R q 
ber above the diaphragm is transferred to the uppe™ etal 
ber through a by-pass valve. A felt filter keeps the pre bl 
in this chamber at atmosphere at all times. Timing Mf bi 
tion is initiated when the force acting on the “of r 
removed by operation of a solenoid. This allows 2 
pressed operating spring to pull the diaphregm BS 
ward at a rate dependent upon the setting of a B das! 
valve. At the end of travel as shown in Fig. 4, 4®* 
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and dig Right—Pneumatic timer employs 
0's main brag instead of conventional piston 


its are yy £07 timing up to three minutes 


ING such 
I as wel tes a precision switch controlling 
and shy-Jayed timing or dwell period for 












jor ony pperation required. 

D advan raulic dasapot time delay for re- 
MOveMey ng a hydraulic feed pump is shown 
to init ction in Fig. 5. Although initial 
Frequent ation of the timer is governed by 
* Siven pressure in the system reaching a 
adjug t preset by the adjusting screw, the 
Suitabk Bure in the system does not contrel 
ycling a ovement of the timing piston. The 
ted tml -her below this piston is filled with 
ly 3 tof vhich cannot escape until the plunger 
bet actuates the pilot plunger. The 
re avail delay is selected by adjusting the 
ical cule of the timing piston by a piston 
olt altengm, 
ols, siiyken clectric remote contrels are 
y close on feed pumps, variable time delays 
zing wi easily be obtaired through the use 
Some & 









conventione] time-delay relay. For 
hich afiventional mechanics! control of f-ed 
ise of ps, the cesired time Celay may be 
et tO (Mined through a time-delay relay and 
Cown tiandard solenoid-operated valve. 
ded tif¥ears ago the majority of machine tocls 
mporating dcliyed reverse controls 
e equipped with a small ad‘ustakle- 



















t Precifke control cylinder arranged to ac- 
te the control cam through a variable 
ance after the main head had stalled. 
is principl2 was not entirely satisfac- 
j because the time delay varied with 
volum2 of oil delivered by the pump 
em“qwell as the stroke through which the 
oriheRiliary control cylinder was actuated. 
0 move 
delay 
actors #Are More Accurcte Than Dashpots 
elerat 


1 relays 
racy i 
ver extte 
1 mech 
interva 


Thermal timers are generally either of 
y oped bimetal or melting solder types. For 
15 segpse applications which do not re- 
arters #ie extreme accuracy but rather more 
secondsgecise Operation or longer timing than 
m acti@hpots possess, bimetal thermal units 
o $miley be employed to advantage. A typi- 
Q per@# example would be the preheating of 
At thegments in mercury-vapor rectifiers be- 
pwauge the application of the plate po- 
the cl tial, 
rd@lime-delay action is produced by a 
e peeetallic thermostat built into a relay 
ing om mbly. When current flows through an 
e blode*ttic heater wound around the thermo- 
; the 3! 
do 
a net Periatt Sectional view of features 
the pot used for time delay in 
hydraulic circuits 
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stat, the increase in temperature actuates the bimetallic 
element, closing the relay coil circuit. Correction for 
changes in ambient temperature is accomplished by the 
use of an additional bimetallic element. Timing by this 
method is usually limited to between 3 seconds minimum 
and 360 seconds maximum. 

Bimetallic time-delay relays are available with im- 
mediate self-recycling features. This requires an additional 
relay in the assembly. Another special type employs a 
heavy bimetallic unit to actuate a precision switch which 
in turn energizes the load relay. Such a unit,. however, 
has a 120-second minimum delay because of the size of 


Fig. 6—Above—Melting solder type of timing unit used 
for overload protection 


Fig. 7—Below—Condenser type of electronic timer for 
accurate timing between a few cycles and two seconds 








a, 






the bimetallic unit utilized in the relay. 

Thermal units of the melting solder type are ™ 
in a wide variety of overload relays. Actually, * F | 
many are used as time-protective devices to shut 
equipment in the event some automatic Function ; 
completed properly. Synchronizing of Synchronoys » 
or successful cranking of engine-driven generator 
typical examples of applications. 

Essential operating parts of the thermal unit for the 
shown in Fig. 6 are two heater coils, two solde, 
ratchet mechanism and tension spring. Under » 
conditions the contacts are closed with the Spring i 
sion tending to open the contacts. The ratchet mec, 
held by a solder film between an inner and outer 4 
each tube, however, keeps the contacts closed, Why c( 
current through either or both heater coils becomes 
enough to melt the solder the ratchet mechanign ; 
leased and the contacts open. As soon as the poe 
cuit is opened the solder cools and the relay is ready; 
reset. Calibration is obtained by varying the post 
the solder tube in relation to the heater coils, or by ci 
ing to heater coils of a different rating. 
















































Capacity and Inductive Timers 


Inductive time delay may be employed in & 
circuits where delays of only a few seconds are de 


both for closing and opening contactors for hoist mi\ Fy 
protection against circuit interruption during momel J ma 
voltage drop, etc. This method operates on the print rigc 
that as voltage is applied toa circuit having inductang many 
current will build up to its value at a rate dependent, A 


the inductance in the circuit. Also as the voltage if .ront 
moved the current will lag similarly. It operates on athnsive! 
netic circuit with a small air gap, making the circuit li other 
inductive. Timing may be adjusted by increasing 0% of ¢} 
creasing the air gap which changes the value of the cut) m, 
at which the contactor will close. uld b 
Capacitor timing is based on the time lag in chitfhet ay 
or discharging condensers to open or close a circuit. Wh jaro, 
multiple circuits are required to close or open iN SQU%Bance 
each condenser is paralleled with the coil of its suctei cont, 
relay so that the timing of each is independent Of in 
operation of the preceding circuit. Timing may be Vhyneq 
by adjustment to about one or two seconds. Larger ed, th 
densers may be applied, however, to increase the tint al 
delay. Magnetic relays using condensers for timing 
utilized for acceleration of adjustable-speed motor, “Bonscic 
Most electronic timers are based on the time "%ontin 
to charge or discharge a condenser. They are widely 
for resistance welders for accurately controlling 
flow. Such a timer, shown in Fig. 7, is adjustable fromé 
cycles to two seconds and is capable of reproducing ¢ 
successive interval at a given setting within *2 to 1 cycle ’ 
Motor driven program timers utilizing cams or #® oan 
with adjustable limits or stops for opening oF closing aa 
cuits will be discussed in Part II in a later issue. = 9 
The helpful cooperation of the following companies A. 
plying the information and illustrations on which this amt 
based is gratefully acknowledged: Allis-Chalmers rele 
Cutler Hammer Inc., Figs. 3, 6 and 7; The Oilgear Co, Fi Ab 
Square D Co., Fig. 4; Walser Automatic Timer Co., Figs. Mei 
2; Ward Leonard Electric Co. 
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toist mM EVELOPMENT of special controls for war 
= machines and their proved success under 
he pri rigorous conditions should furnish the basis 
Tuctane many improved designs for peacetime appli- 
endeat on, A notable example is the tank turret control, for which two 
tage erent types of mechanism were developed independently and used 
$ On @Mensively. One was a hydraulic drive with velocity response* and 
ro other an electric with positional response, Fig. 1, which is the sub- 
sing “# of the present article. 

the cu 0 make clear the distinction between the two types of control, it 
d be emphasized that in the velocity-type hydraulic control the Fig. 1—Above—All-electric traverse unit 
in Cet angular velocity relative to the tank is proportional to the angular for M-4 tank turret, showing control hand- 


> placement of a control lever from its neutral position. As a conse- wheel and turret drive gear 
1 8eIFXe, there is no correspondence assured between the position of 
5 succe ° ene 
control spad : 
lent of hot in th a —_ Pega ee z “ys mee if the turret Fig. 2—Below—Schematic diagram of vari- 
y be > ques aypesaPeanags ender «agian able-voltage direct-current drive 


; imed to the neutral position corresponding to zero 
Ange" "Bed, then the spade must be momentarily deflected and 


the ti imed to neutral a sufficient number of times to bring 
aa gun sights “on-target”. In the positional control under 
| 4 kussion, on the other hand, it was proposed to provide 
deh ontinuously rotatable control handwheel and to cause 
4 af 8 turret to follow this handwheel synchronously. 
from a} 

acing Equivalent to Effortless Mechanical Drive 

1 cycle 

or adm*ower drive thus would be made as responsive to the 





Josing #"r's dictates as if he were manipulating an effortless 
nual drive, since the turret position would be propor- 


is’ to the angular position of the control handwheel. achieving the desired synchronous positional regulation 


is att a battery-powered tank turret, the variable-voltage with a minimum of electrical equipment and was accor- 
Mig @ect-current system of control is th . only one suitable tor dingly adopted for use with the Silverstat type of rheostatic 
Co., Fig 4 control. As shown in the schematic circuit diagram, Fig. 2, 
Figs. | here ean Society of Mechan tec F Se scent. eumiomenel meeting of the 4 resistance in either of two equal opposing fields of a 


the article, “Designing the Drive for the M-3 Turret”, by Rob- direct-current generator running substantially at constant 
E Becker, MACHINE Desicn, March, 1945.—ED. 8 . . 
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Fig. 3—Power train and control mechanism for tankt a0 
speed may be varied continuously to produce a generator traverse drive, including anti-hunting gy® §...1) 
output voltage also varying continuously from one polarity t of f 
through zero to the reverce polarity. This output voltage bme 
may then be appl.ed to the armature of a direct-current tur- tial may then be utilized directly to vary the gene@ 
ret drive motor of constant field, to produce a corresponding field resistance in such a sense as to produce torque 
variation in speed from a maximum in one direction — the turret drive motor in a direction to reduce the diiter 
through zero to a maximum in the opposite direction. motion to zero. re lo 
The foregoing expedients are a necessary, but notwe 
sarily sufficient, condition for securing synchronism ® 
tween handwheel input and turret follower motiom§. 
order to reduce the angular error between control ha Be 
To secure the desired proportionality between the con- wheel and turret to a minimum and to insure stable fol! 
trol handwheel displacement and the angular. displace- ing of the handwheel motion by the turret, suitable 
ment of the turret, the generator field resistance must be hunting means must be incorporated in the control. Jn 
made to vary proportionally to the difference between the case it was decided to employ gyroscopic anticipation veer 
control handwheel or input displacement and the turret or compensate for time delays in the control system a "Hy, ) 
follower displacement. For purely local control, as op- secure the greatest possible stability of regulation. § bh 
posed to remote control, such proportionality between two Having in this manner decided on the general scm r 
positions may be realized most readily by means of a_ of the drive, the next step was to embody these ia 
mechanical motion-comparison device such as a gear or in a specific construction that would satisfy the pe 
roller differential mechanism which is capable of giving a requirements as well as the severe limitations on avail 
shaft angular displacement proportional to the difference space in the turret. 4— 
between the angular displacement of the connected hand- Power requirements were calculated from a duty vents 
wheel and turret. The difference motion from the differen- involving the operation of a gravity-unbalanced ture toc 





Roller Differential Provides Followup 
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| with the tank on a 30 per cent grade. The turret 
t was approximately 11,000 lb and its center of 
was 6 inches from the azimuth bearing axis. This 
squires a peak horsepower of 1.2. To this must be 
) the horsepower required to overcome the azimuth 
ng friction of the turret. For a 6-it diameter ball bear- 
ce and a coeflicient of friction of 0.01, the friction 
is 0.25-hp. Taking into consideration the intermit- 
ature of traversing duty, as well as the fact that the 
unbalance load is further diversified by varying 
pidally with the turret azimuthal angle on the uphill 
f the cycle, the choice of drive motor boiled down 
ating of 1% hp and 85 C for one hour when used 
drive gears having an efficiency of 85 per cent. Such 
or can develop four or five times the full load torque 
ansient accel-ration or other loads of short duration. 
ep the motor size within the turret space limitations, 
yerating speed of 3700 rpm at rated load was 


















Pil. 
» comparatively high maximum operating speed of 
uret drive motor necessitated a gear reduction of 
900 to 1 from motor to turret. In concidering the 
possibilities for effecting such a speed reduction, 
prime ob‘ectives were kept in mind: (1) The desira- 
of combining the emergency manu.‘ drive with the 
drive in such a way as to utilize the same gearin> 
the same handwheel for both, and (2) avoidance of 
complication of a holding brake for either power or 
yal traverse, through the use of self-locking worm 


ing. 















Attaining High Efficiency with Irreversibility 






vantages of the first objective are obvious from the 
ipoint of securing drive compactness and ease of 
ation. With regard to the second objective, it might 
i that the property of irreversibility in worm gearing is 
mpatible with high operating efficiency. That is noi 
arily the case, however, since a worm drive may be 










9¥° Bersible at low speeds or at standstill when the coefti- 

t of friction between worm and gear is high, but may 
o me capable of high efficiency power transmission at 
tons kr Operating speeds as the friction coefficient is re- 


» diene due to the development of a lubricating oil film 
ween the worm and mating gear. To 
ire low speed and standstill irreversi- 





; not ne 

‘onism of the turret drive, there was, there- Se ee 
i included a 20 to 1 worm gear re- . 

trol bet With a lead angle of 5° in the 


ble fol train between the electric drive 
or and the turret. Calculated effi- 


table ; 

“ol. ink : at higher speeds was 89 per 
sipation 

eT in plete gear train of the turret drive 
4 the M4 tank is shown in Fig. 3. The 
| bly comprises the power  trans- 
nese id 

the Pe 

avail 

- ba nitinle-clisk drive clutch which 
‘aa amage to drive resulting from 


too rapid deceleration of turret 
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mission gearing and the control gearing for positional 
regulation of the turret. The power drive begins with the 
electric drive motor, which is mounted vertically to fit in 
the available space. The motor is provided with an initial 
2 to 1 speed reduction consisting of a vertical eight- 
threaded reversible steel worm engaging a bronze gear at 
one end of a horizontal shaft. Next, an integrally machined 
worm on the horizontal steel shaft makes a further 20 to | 
reduction to the engaging bronze gear mounted on the 
upper end of tke final drive shaft. Finally, a reduction of 
22.4 to 1 is obtained between the drive pinion at the 
lower end of the final drive shaft and the internal ring 
gear on the tank hull. The overall ratio of 896 to 1 from 
motor to turret gives the latter a top speed slightly in ex- 
cess of 4 rpm. The traverse unit is bolted to the turret and 
rides with it as the vertical drive pinion rotates relative to 
the stationary ring gear on the tank hull. The verticai 
drive pinion is clearly visible in Fig. 1. 


Emergency Manual Drive Incorporcted 


Choice of the worm reduction gearing facilitated the in- 
corporation of an emergency manual drive in the same 
unit. By mounting the control handwheel coaxially with the 
horizontal worm shaft it was possible to effect manual 
traversing simply by shifting the handwhecl axially into 
engagement with drive slots on the end of the horizontal 
worm shaft. When shifting into manual drive, the power 
system is de-energized by a safety interlocking switch 
actuated by the handwheel shifting displacement, but it 
is not necessary to disengage the motor from the rest of 
the drive as it can readily be turned by the reversible 
eight-threaded worm gearing. The manual drive ratio 
of 448 to 1 from handwheel to turret is adequate for over- 
coming turret unbalance in a sloping tank without im- 
posing excessive force on the gunner’s hand. The ratio is 
high enough, moreover, to be useful for vernier sighting 
on distant targets from a stationary tank. 

The horizontal single-threaded worm of the 20 to 1 re- 
duction is irreversible within the limits previously defined, 
ie., at low speeds and at stand-still, but this prop-rtv of 
irreversibility, while useful for automatic load holding, 
makes it necessary to provide some means in the drive for 
limiting turret acceleration on stopping. Damaging decele- 









TURRET DRIVE GEAR, 
SPRING WASHER 












rations, far in excess of what normally can be produced by 
the available drive torques, can occur on a sudden cessa- 
tion or reversal of motor torque. The resulting rapid re- 
duction in the worm velocity can bring the worm to a 
virtual standstill within the limits of its rotational backlash, 
while the turret is still near top speed. Immediate col- 
lapse of oil film lubrication and the development of ir- 
reversibility in the worm gearing makes it impossible for 
the turret to drive the motor, with the result that the 
kinetic energy of the turret can be dissipated only by se- 
vere deformation of the shafting, gearing, and gear case, 
accompanied by jarring vibration as the turret must of 
necessity come to a sudden stop against the unyielding 
self-locked worm. 

This condition can readily be avoided by pro- 
viding a slippable friction clutch in the drive system 
between the turret and the point of irreversibility 
in the gearing. A highly compact multiple-disk clutch 
was designed for this application and is shown in 
Fig. 4. The clutch is entirely contained within an en- 
larged portion of the final pinion drive shaft and consists 
of a stacked assembly of alternate bronze and hardened 
steel washers clamped together by a single central bolt 
extending through the axis of the stack. Pressure between 
the disks is maintained by coned-disk (Belleville) springs 
at each end of the stack and may be adjusted to vary the 
clutch slip torque by drawing the assembly together to a 
greater or lesser degree by means of the single central hold- 
ing bolt. The clutch torque setting of 200 ft-lb is sufficient 
to bring the turret to a smooth stop from top speed in 4° 
at the turret, with stopping angles at lower speeds varying 
directly as the square of the turret speed. 

A further consequence of the use of irreversible worm 
gearing is the possibility of occurrence of a low-frequency 
chattering or “stair-stepping” vibration of the drive system, 
albeit under somewhat infrequent conditions. Such a vi- 
bration can occur, for example, when the turret is being 
driven at low speed in the same direction in which an ex- 
ternal load, such as the gravity unbalance on a steeply in- 
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#“‘Worm-Drive Jitters Can Be Avoided”—S. J. Mikina, 
Desicn, March, 4 
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clined turret, is urging the turret to go. Whene 

found desirable to do so, the chattering cap be 

eliminated by a simple increase in the inertia a 

with the irreversible worm shaft.t 
Associated with the drive mechanism for tray 

of manual or motor torque to the turret is q gy 

gearing for effecting positional regulation. of ty | 









drive. This is shown in Fig. 8 to the left of the hyd 
20 to 1 worm shaft. The function of the control mei 
is to make a direct comparison of the angular displ. 
of the control handwheel and of the turret and thy 
an angular control shaft displacement proportional y 

difference. This difference displacement is obtjigih 
means of a differential mechanism and is used to a 
pair of Silverstats for varying the resistance in the {i 
the direct-current generator supplying variable yh 
the traverse drive motor. 





















How Space Limitations Were Met 


The particular arrangement of the control ma 
components shown was dictated by the availabl 
limitations of the turret and represents the most? 
design that could be devised. Thus, the manual 
handwheel also serves for power drive control by 
shifted into appropriate engagement with thes 
gearing. Similarly, a necessary 20 to 1 reduction 
follow-up gearing from the turret drive is effected 
lizing the same worm that serves the power drive, 
by meshing it with a. worm gear diametrically 9 
the similar worm gear of the power drive. The hei 
the differential is reduced to a minimum by utilizing 
and roller construction held in frictional engagems 
compression springs. 

In the initial design the control handwheel was 
on an extension of the horizontal worm shaft as shi 
Fig. 3. In later designs the handwheel was provided 
a separate bearing to eliminate the slight disturbing 
of the oil film coupling between the worm shaft a 

(Continued on Page 178) 
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DAPTED and originally designed for the rapid pro- 
duction of screws or threaded parts, the automatic 
screw machine—single or multiple-spindle variety 

plays a vital role in the mass output of precision ma- 

line elements of both simple and intricate design. By no 
peas limited to threaded parts, the wide range of possi- 

lities afforded by this method of production both en- 
ices its usefulness and makes imperative its considera- 
as a means of manufacturing machine parts which 
within its scope. 

Capacity of present single-spindle machines ranges from 

inch to 8-inch diameters and lengths up to 8 inches. 

Ne special model will handle diameters up to 10% inches, 

% 1. However, the major portion of these machines in 

punon use fall into two general classes, one limited to 
‘inch and the other to 1-inch maximum diameter stock. 

‘agths of parts are limited to 6 inches maximum. Mul- 
le-spindle machines can handle bars up to 5 inches in 

ms ft with some parts as long as 20 inches. Those in 
mon use, though, are limited to parts up to 2%-inch 
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Part Ill—Automatic Screw Machining 

















diameter and 6 inches in length. Minimum diameter lim- 
itations are necessarily hard to define since large machines 
can also handle small diameters and short lengths, but as 
a rule these large machines are likely to be somewhat less 
economical for small parts and normally are used for parts 
ranging in the larger diameters. Single-spindle machines 
can be used most economically for parts ranging from %4- 
inch to l-inch in diameter when runs are short. Parts 
should, as a rule, fall within the diameter and length lim- 
itations of the machine in mind. However, in some cases, 
maximum length can be exceeded by using special tooling 
so long as the work does not exceed the power capacity of 
the machine. It is advisable to consult the manufacturer 
on such jobs to assure a reasonable cost economy. 

Most machines are capable not only of producing parts 
involving forming, facing, drilling, threading, reaming, 
burnishing, knurling and like operations at an extremely 
rapid rate, but in addition such machining operations as 
slotting, milling, burring, end threading or cross drilling also 
can be produced without any appreciable loss in the rate of 





ly require the minimum in tooling. In maintaiy; 
plicity of design, especially in external machine fig 
good form from an artistic standpoint is equally imp, 

in sales appeal. Relatively simple forms can be * 
completely by a single form tool, Fig. 2, so long 4s 
length of cut does not exceed three times the gull. 
formed diameter of the piece. Longer forms usualy 
quire two or more forming tools, each completing , 
tion of the contour. Naturally the outermost cyt jy, 
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Form and cut off 
Index turret 


Fig. 1—Above—Probably the largest automatic screw 


machine used today, this model handles 10\4-in. stock enter Gril 
Index turret 











output. Where these secondary operations are relatively 
simple, practically any available screw machine can be 
set up to perform them without disturbing the normal 
cycling period. Advantageous use of secondary opera- 
tions is of course dependent to a great extent upon the Thread 
nature and number of such operations. One or even sev- nee 
eral accurately spaced slots or cross holes can be produced 
with the proper attachments (usually special), completely 
finishing a piece within the allowable time cycle and thus Drill 
eliminating further handling. tao af —=19 Index turret 

In arriving at an overall economy, consideration must 
be given to the quantity to be produced. Large quanti- 
ties, say 50,000 or 100,000 parts, almost invariably indi- 
cate a multiple-spindle machine and should be designed 
for such. Small-quantity runs of not too intricate design Form and drit 
should in every case be produced on the machine most Index turret 
easily set up—usually a single-spindle type. In any case, 
quantities under 1000 parts generally should not be con- 
sidered for automatic production because it is seldom eco- 
nomical unless further sizable orders for the same part 
are expected. Tooling costs for small quantities are usual- 
ly prohibitive and the parts can be produced readily by 
other methods at less expense. 
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Fig. 3—Long forming cuts require a set of several orm 
Desicn: Wherever a design can be altered without forming tools, finishing the outer surfaces fist 
affecting the normal planned function of the part to de- 
crease the number of or the time required for the various 
operations necessary to produce it, total cost per piece can 
be reduced materially. As is recognized readily, the 
simplest of shapes are reproduced most easily and natural- 


first, assuring minimum deflection, Fig. 3. Sule 

binations increase tooling costs somewhat but ae 

ligible in large production runs. It is good pracim 
provide a straight cylindrical portion at the outer @ 

part for the use of a roller rest to enable faster form st 

longer tool life. ht 

Perfectly square or undercut shoulders can be pig 

Pie: -3—Uiends ‘foams but wherever possible should be eliminated in fa ) 

| 

a) 

t 





a 


can be finished with ‘light taper, Fig. 4. Tools to form a shoulder as 
one toolwhenthe length necessarily require a side clearance in order to PIO 


a 


is not too great smooth finish. Those designed to make a perfectly 
shoulder usually leave a poor finish and drastically # 
tool life thereby increasing the cost. Shoulders § 
in one direction only can be made square with little 
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erall cost. Where shoulders must be square and the 
sot overly complicated, a finish squaring operation 
fe used in the tooling set-up without affecting the 
However, unless required and specifically indicated 
are, form tools for shouldered parts are made with 
Witive angle, usually a minimum of one degree for a 
cut to three degrees for a deep one. This allow- 
will, in nearly all cases, still maintain normal toler- 
required and at the same time produce a commer- 
acceptable surface finish. Undercut shoulders, of 

» require an extra tool or a special attachment. 
wherever possible, should be shown with a stand- 
fil point at the bottom, Fig. 5a, for maximum econ- 
“if flat bottomed holes, Fig. 5b, or square shoulders 
apped holes, Fig. 5d, are deemed necessary, a sec- 
¥ or squaring operation usually is required. Tool- 
m be simplified by providing allowance for a drill 
tt the center of a blind hole, Fig. 5c, and a tapered 
m through holes, Fig. 5e. Shallow flat-bottomed 
fm be produced easily with simple tooling such as 
bores, etc. Holes 4% to 5 times their diameter in 
jean be produced in one operation. Holes of lesser 
p of course more economical. By utilizing more 
he station, total hole depth ordinarily can be in- 
ito 8 times the diameter and at the greatest ten. 
fmaximum economy American National Standard 
d always should be specified, the fine series of this 
ud being the most satisfactory. A minimum of ma- 
B removed in cutting fine threads and consequently 
fium threading speeds can be employed. Fine threads 
be run up closer to a shoulder than the coarser ones, 
ie cases safely within 1% threads, Fig. 6. On ordi- 
titeaded parts, Fig. 6b, shoulder clearance “A” should 
Heast equal to 24 threads in length for maximum ease 
fup. If the part must screw down tight the neck 
id have an undercut, Fig. 6a, at least 2% threads in 
fh Neck diameter at “A” should be about 0.010-inch 

the minor diameter of the thread. 

e of proper chamfers or throat on threading dies ma- 
increases die life and improves the thread finish 
erably. Fig. 7 shows the approximate number of 
§ affected by various angles of chamfer. The 30- 
§ 1%-thread chamfer is recommended and used for 
butting steel or brass; the 20-degree, 2-thread cham- 
preferred for machine steel and alloy steels; the 15- 
¢, 3-thread chamfer is used extensively for tool steels 
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Fig. 4—Above—Forming tools require a positive side clear- 


ance to assure smooth finish 


Fig. 5 — Right — 
Holes as shown ait 
a,*c and e are 
more economical 
to produce than 
those at b and d 


Fig. 6—Below—A 
clearance A of at 
least 2% threads 
width is required 
for economy 
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and other tough steels. Where threads necessarily must be cut 
close to a shoulder, the 40-degree, 1-thread chamfer is used 
(usually a finishing die). 
Specification of tapped holes also demands special design 
considerations. Blind holes, Fig. 8, require plenty of chip clear- 
ance. As shown at “A”, chip clearance should be equivalent to 
5 threads in length (minimum) to allow the use of a standard 
tap. Otherwise, unless the hole is drilled through (which is 
preferable), a special secondary bottom tapping operation with 
somewhat inferior finish must be used to enable tapping within 
a 3-thread clearance. Where parts must thread and seat to a 
flat bottom, Fig. 9, a recess must be provided with a width of at 
least 3 threads. The minimum diameter of the recess should 
be 0.010-inch greater than the major diameter of the thread and 
limits must be wide. 
The required number of full threads always should be speci- 
fied. A length of 5 full threads usually is allowed as a bare 
minimum for assuring sufficient strength. Leading threads on Fig. 7—Above—Shoulder clearance in threadi 
both male and female work should be chamfered to assure good affected by the chamfer of the tap or die. 
entry and centering in machining and to eliminate burrs. Good above are usually used as noted in the tem 
practice is to countersink 0.020-inch over the major diameter of 3 
a tap and chamfer 0.020-inch under the minor diameter of the . 
die with an included angle of 90 degrees. 
In many cases with parts such as that shown in Fig. 10, it is 
found desirable to complete the entire part in the automatic to 
obtain lowest cost per piece. When attachments are available, 
threads situated back of a shoulder can be rolled if nonferrous 
materials are specified. Otherwise a secondary operation usually 
is necessary. An undercut as shown is advisable for rolled 
threads to eliminate the burr normally thrown up in rolling. 


Long Slender Parts a Problem 


Long or short tapers are relatively simple to produce as 
long as the small end is unobstructed by shoulders, ete. When 
this condition exists, long tapers readily can be machined with 
hollow mills, balanced or box tools. However, where the taper 
is reversed or behind a shoulder, forming tools are necessary and 
can be used only where the minimum turned diameter is suf- 
ficiently strong to resist deflection or breakage. Since ordinary 
forming tools produce the smallest diameters simultaneously 
with the largest, long slender parts with reverse tapers or irreg- Fig, 9 Below—A recess usually is recomme 
ular shapes cannot be satisfactorily formed. Such parts, Fig. 11, when the male threaded part must bottom and 
are usually produced in brass or other soft materials with a skiv- 
ing tool which forms the largest diameters or ones farthest from 
the chuck first, supporting the finished surface as the cut pro- 
ceeds. In other metals a swing tool is utilized to generate the 
form using a support or steady-rest to obviate spring in the ma- 
terial. However, swing tools cut more slowly than form tools, 
hence designs requiring their use should be employed sparingly. 
Tapers should be specified as standard machine tapers in order 
to utilize standard tooling and thus permit maximum economy. 

Corner and edge radii should never be less than 0.005-inch. 
Generous fillet radii or chamfers at all intersections help to lower 
tool costs materially and strengthen the parts. Chamfers are 
preferred to rounded corners and are far less expensive to pro- 
duce. If cut-off burrs on solid or hollow parts will be detri- 
mental either to appearance or function of the part, they should 
be removed. However, where they can be tolerated, the extra 
burring or chamfering operations can be eliminated. 

Knurls for appearance, grip surfaces, press-fitted joints, 
anchor holds for inserts, etc. can be applied to any outside diam- 


Fig. 8—Above—When tapping blind holes p 
chip clearance is necessary to avoid tap 
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surface, Fig. 12. Open-end knurls or those that can 

juced by feeding in from the turret along the axis 

imme part are perhaps the most economical and easiest to 
mee. Those located in recesses or behind shoulders 
¢ formed by a cross slide or swing tool and, conse- 

y, total width of knurled surface is limited. The 
Sof knurl should never exceed the diameter of the 
bd section. Raised type knurls usually are specified 
ture grip surfaces, press fits, and anchored parts 
bthe depressed or female type is used only on parts 
fing a small amount of roughness on narrow widths 
Yhe turned stock diameter must not be exceeded. 
wings of knurled parts should, for uniform quality, 
ly the type and pitch of the knurl desired as well as 
meter of the section either before and after knurl- 

ferably before. Types shown in Fig. 12 are pro- 


~~ 


Threads concentric within .OO2 
total indicator reading 


10—Above—To complete this part in the automatic 
@fetain tolerances shown thread rolling is used 


dl—Below—Long slender parts such as these cannot 
ed successfully and skiving tools are employed 


is standard pitches ranging from 16 to 62 teeth per 
wtcluded angle of the knurl teeth is of value in de- 
ling the diameter before and after knurling. An in- 
Angle of 90 degrees works most satisfactorily on 
rials such as brass and hard copper; 80 degrees 
mmended for iron; 70 degrees on wrought iron and 
e steel; and for tough materials such as drill rod and 
“i an angle of 60 degrees is most efficient. Diam- 
metease due to knurling will be approximately .4 
im) to .7 (maximum) of the depth of knurl tooth 
ited from the included angle. 
» manner not unlike the knurling procedure, names, 
eatks, number identifications, etc., can be impressed 
peat nal cylindrical surfaces of parts. Although a 
a marking tool is necessary, set-up to utilize this fea- 
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ture of the automatic usually results in a substantial sav- 
ing over other methods of marking by separate handling. 

If the generally accepted commercial finish left by form- 
ing tools, drills, etc. is not satisfactory for any reason, bet- 
ter surface finish can be obtained but at increased cost per 
piece. External surfaces can be skived or shaved after 
forming and internal surfaces can be reamed. However, if 
still smoother finish is essential, burnishing can be resort- 
ed to as an added operation. Change in dimensions after 
burnishing is extremely slight, the process merely rolling 


TABLE [* 
Comparative Machinability Ratings of Various 
Cold Drawn Bars for Screw Machine Use 


Screw Machine Steels 
SAE 1120 (leaded) 
SAE X1112 

SAE 1112 

SAE X1814 

SAE X1315 

SAE 1120 .. 

SAE X1335 . 

SAE X1350 


Carburizing Steels 
SAE X1020 


(annealed) 


(annealed ) 
(annealed ) 


(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 
(annealed) 


ae 
52100 (annealed) 

Stainless Steels 
Iron, free cutting (14 per cent Cr) . 
Steel, 18-8 .. me oe 
Steel, free cutting 18-8 (annealed) 
Nonferrous Metals 
Magnesium Alloys 
Aluminum Alloy 11S 
Aluminum Alloy 25S 
Aluminum Alloy 17S 
Brass, leaded . 
Brass, yellow 
Brass, red 
Bronze, lead 
Gun Metal 
Bronze, manganese 
Nickel Paes 
Monel Metal 
Bronze, silicon 


60 
30 
50 


500 to 2000 
500 to 2000 
300 to 1500 
300 to 1500 
150 to 600 


200 
200 to 500 
60 


*American Society for Metals. , 

Values are for operations, such as turning, forming, drilling, 
threading, and cutting off using high speed steel tools and 
conventional cutting fluids. Ratings are based on a value of 
100 for Bessemer screw stock, SAE 1112, using a cutting 
speed of 150 fpm. “Annealed” indicates bar was annealed 
before cold drawing. Otherwise bars are cold drawn from the 
hot-rolled condition. Values are only indicative and will 
vary somewhat with conditions and operations. 


over and smoothing out tool marks by cold-working. 
eWhere burnishing is not feasible, grinding may be speci- 
fied to obtain the desired finish. 

Particularly smooth, accurate threads sometimes are a 
necessity. These usually can be obtained by means of an 
extra finishing operation. A roughing tap from 0.010 to 
0.015-inch undersize or a roughing die 0.010 to 0.015- 
inch oversize usually is employed. The light finishing op- 
eration results in a much smoother thread. 

Materiats: Naturally, materials which afford easy 
machining at maximum speeds provide the lowest cost 





parts and least expensive tooling. Free machining brass is 
perhaps the most widely used material for general pur- 
pose parts, especially those requiring an electroplated 
finish. Regardless of the high cost of brass stock, the ex- 
tremely rapid rate of production coupled with the high 
return on brass scrap many times results in lower overall 
cost per piece. Free machining cold-rolled or cold-drawn 
Bessemer screw stock, SAE X1112, (AISI B1113), should 
be specified wherever and whenever design in steel per- 
mits. Highest in machinability of all the steels, this stock 
usually results in a minimum overall cost per part owing 
mainly to excellent finish and rapid cutting speeds. Where 
corrosion resistance is imperative and plating unsatisfac- 
tory, stainless steel of the free machining variety can be 
used but at some loss in output. Aluminum and magnesium 
alloys probably offer the maximum in machining speed 
where design is not too complicated. TABLE I shows the ma- 
chinability ratings for some of the more common metals 
based on a 100 per cent rating for SAE1112 steel. 

Where hollow parts are relatively large, steel tubing 
stock sometimes can be utilized to advantage. Stock re- 
moval and boring operations are minimized, effecting con- 
siderable economy in time and material. In nonferrous 
materials even small sizes of tubing can effect worthwhile 
economies. Special extruded or drawn shapes often can 
be used with special collets to eliminate secondary opera- 
tions. 

TOLERANCES: Specification of tolerances smaller than 
necessary inevitably reduces the maximum speed of pro- 
duction with resultant needless expense. Ordinarily, 
single-spindle machines are credited with the ability to 
work within closer limits than the larger multiple-spindle 
types where accuracy of spindle spacings and bearing fits 
are more critical. However, in commercial practice, limits 
of plus or minus 0.002-inch commonly are held on decimal 
dimensions for diameters up to 1-inch, plus or minus 0.003- 
inch on diameters up to 2-inch, and plus or minus 0.005- 


Fig. 12—Various types of knurls are used for appearance, grip surfaces, press 
fitted joints, and anchor holds for inserts 














inch above 2-inch. Lengths from shoulders to other, 
finished with form tools can be held to plus or minus 
inch. Diameters specified in fractions usually are hg 
plus or minus 0.005-inch and on lengths to plus or 
0.010-inch. Naturally closer tolerances can be heli 
some dimensions where it is essential. Shaving toofh. 
often be resorted to in such cases. For delicate py: 
inch in diameter and under, requiring extremely ck 
erances, a Swiss type automatic rather than the w 
single or multiple-spindle types is the most likely mali 
for the job. 

Drilled holes up to %-inch ordinarily are produce 
commercial limit of plus 0.003-inch and minus 0,009; 
Larger holes require greater limits depending on the & 
Smaller tolerances require an extra reaming operation 
ordinarily an overall tolerance of 0.002-inch can be} 
Closer tolerances than 0.002-inch usually require | 
rough and finish reaming operations. 





















Limits Sometimes Reduce Production 


Concentricity limits of plus or minus 0.005-inch ug 
are maintained between drilled holes and tumed & 
eters where the holes are not excessively deep. ¥ 
two sctions of a part or two threads, Fig. 10, must ber 
tained to less than this, special set-up is necessary. 
this case, both thread blanks are formed at the same i} 
shaved, the first thread cut, and the rear one cut orn 
to hold the required limits. Set up obviously is moredy 
plicated and production reduced by the limits imp 
The concentricity limits shown on the part in Fig. 41 
impractical the procedure which normally would bet 
and makes necessary the forming of both diametes 
multaneously on a larger machine. 

Taper angles in commercial practice are held to ph 
minus one degree.’ Smaller limits can be mainti 
where essential however, especially on parts which 
be produced with a forming ori 
reaming tool. 

Fractional thread lengths 1 
otherwise specified are held to 
or minus one thread. Unless 
somewhat increased cost of prodit 
and holding class 3 limits or eve! 
greatly increased cost for class 41 
are warranted, class 2 (general } 
tice) fits are recommended fa 
screw threads. Special extra 
threads should have pitch diam! | 
limits increased according 1 
American National Screw 4%] 
Standards to account for addit wa 
lead errors and insure proper el 
ment otherwise a special lead 9° 
attachment must be utilized. 

Collaboration of the following % 
ations in the preparation of this 
is acknowledged with much # 
tion: Brown & Sharpe Co.; Burg 
Inc.; Eastern Machine Screw 
Timken Roller Bearing Co. (Fé 
Weatherhead Co., The Burgess o 
was particularly helpful in providing 
tical manufacturing background 
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By Richard K. Lotz 


Associate Editor, Machine Design 
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-inch us 

‘urned di 

cep. W — SS \ - one might cite die and permanent-mold 
vust ber > | — casting, stamping, forming, and powder 
Cessay a metallurgy—this present article will be de- 
as voted specifically to the use of special- 
cut or .& shape bar. 

se These special-shape bars offer, in effect, 
- ~~ what might be termed “partial fabrication” 
Mig. ie inasmuch as they constitute a bar stock that 
a . is formed along one axis to the shape of 






the finished part. Generally, forming of 
the bar is effected either by extruding or 
extruding followed by cold drawing. The 
principle of extruding, similar in all cases, 
involves forcing a billet of heated metal 
through a die of the desired cross section. 
By cold drawing the extruded bar to final 
shape and dimensions the metal is cold- 
worked and, in consequence, the physical 
properties of the bar are appreciably im- 
proved. Differences between the properties 
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la ; “ d ve ge of various familiar steels as hot rolled and 
eeve of pin tumbler . : “ 7 
eneral fy’ VOMPETITION in the field of machine padlock, formerly a “ng marie = , ga oan re bg 
ded ff 4 Manufacture during the postwar peri- casting, now is cut an Foie Steels” 

extra od promises to be keener than ever from special-shape BOWE NSES Se - , 
ch diam fore. Thus, it becomes increasingly im- bar stock It becomes apparent then, that use o 


ing to @tative for the machine designer to keep 
ww The sharp eye cocked toward any and all ex- 
, additigedients that might help to produce satis- 
per engge"ory machine parts at lowest possible 
lead sags. 


aff It is of course no secret that the less 
ving opachining and handling a part requires, the 
f this sire economical will be its production. 
ch appa@ghile there are many production processes 


Burges at offer either drastic reduction or com- 


“_ te elimination of requisite machining— 
). 


ess Oo. 





nd 7 2—Right—Production of this contact 
e from special-shape bar reduced costs 
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Fig. 3—Contact base of Fig. 2 is shown here (arrow) in 
Position on final assembly of locomotive controller 


special-shape bars can offer not only cost savings but, 
in many instances, result in parts having better metal struc- 
ture than is normally obtainable by other production 
processes. A case in point is the sleeve for a pin tumbler 
padlock, Fig. 1, made by E. T. Fraim Lock Company 
which reports that production of the sleeves from shaped 
brass bar has cut labor costs on the parts by 50% and, in 
addition, has made possible a production increase of 300% 
over that experienced previously with sand castings. Seven 
machining operations, required on the sand castings, were 
no longer necessary on the blanks cut from the extruded 
and drawn shaped bar. These included cutting off, gateing, 
sanding, box milling, and three standardizing operations. 





* An article dealing more extensively with this phase of the subject is 
planned for publication in a forthcoming issue of MACHINE DESIGN. 


Fig. 4—Below—Much machining is eliminated on frame 
and cam of this switch through use of special-shape bars 






























































As indicated above, not only was the cost of the pat 
duced considerably but it was also found “that the a 
of the brass is more uniform and has better mach 
qualities than the casting”. 

This case serves to emphasize another advantage of 
by special-shape bar, i.e., accurately oriented, smog 
uniformly shaped surfaces that are immediately aygij 
on the cut off blanks for positioning in jigs and fp 
used to facilitate drilling, reaming, tapping, slotting 
This is also a desirable feature when the shaped bar 
be worked in a screw machine wherein it often pay 
install special chucks to handle specific shapes, _ ; 

A part that is somewhat of a “natural” for produc 
from special-shape bar is the contact base, detail of whj 
is shown in Fig. 2. Some of these parts are shown in pl 
on a locomotive controller in Fig. 3. The Goodman Ma 
facturing Company which produces this equipment rep 
a saving of 14 cents per piece on this item as compa 
to production from cast brass. Had this part been mi 
from rectangular bar stock, an inordinate amount of 1 
chining would have been required to achieve the desi 
shape and, as one producer of special-shape nonfend 
bar puts it, “who pays for the chips?” 





Reappraisal of Existing Parts Needed 


As the reader will note, the case histories that hay 
been selected to point up the advantages offered 
special-shape bar in this article deal with. parts formet 
made by some other process. This serves to indicate t 
value of not only carefully considering the use of « 
truded and drawn shapes for the parts of new machine 
but of reappraising the methods and materials used? 
making parts for machines now in manufacture’. 

Approximately $8,000 per year in savings is indicatt 
by the Kellogg Switch & Supply Company through the we 
of extruded and drawn brass shapes as compared 4 
former methods in the production of various parts fort 
multipole, double-throw key switch shown in Fig. 4. fh 
frame of this switch requires only cutting off, slotting, a 
drilling ten holes, four of which are tapped. As for the 
cam, after cutting off it is milled, drilled and tapped. 

Practically all of the commercial grades of ferrous al 
nonferrous metals can be formed into bars of a veritabl 
endless variety of cross-sectional shapes. Sometimes, in the 
case of steels, the bar is hot rolled instead of extrude! 
before cold drawing. It would be extremely difficult fr 
anyone to lay down any definite rules circumscribing te 
types or complexity of shapes possible to produce im 
much as few reasonable shapes cannot be made if matent 
having good workability is used in conjunction with prop! 
process tooling. Some idea of the wide variety of shape} 
that can be made and that might be used for machine 
parts will be gleaned from the end views of Fig. 5. 

Along with the various steels and high-copper alloys 
aluminum and magnesium are also finding increased app! f° 
cation in the form of special-shape bar for machine parts 
Prior to the war, extruded magnesium bars were used to 
advantage in the manufacture of traverse bars in 
machines, knife bars in bread slicing machines and packag 
ing machines, typewriter rolls and platens, etc. In additio. i 
as structural shapes, extruded aluminum and magnesii® 
alloys have seen extended usage, not only on ai 
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i extruded 
5—Above—Shapes shown are representative of the Fig. 6—Below—Typewriter rolls —_ peed —— 
‘variety that can be made by means of extrusionand magnesium. Many parts are “or wr a * 
cold drawing for the production of machine parts magnesium, both operational a 








; indicate 
gh the ws 
— many other types of portable equipment as well. Type- 
ig. 4. Teer rolls made from extruded magnesium are shown in 
ting, at * os ° ’ b 

4s for tem tather clever utilization of extruded and drawn ronze 
ved. isexemplified by the part pictured in Fig. 7. This is ~ 
rrous al brake extension lever bushing used on the 1934 ay 
-veritabyg" automobile. After cut-off from the shaped bar, the 
es, in tet 8 press formed into the final semicircular shape 
extrudd . There is little question but that numerous other 
fFicult fogetine parts might be produced at worthwhile cost 
ibing tes by adoption or an adaptation of this procedure. 
uce ina 
F materi! 
th prope 
of shapes 


machine F 









Extruded Bar Ideal for Fittings 


lay fine examples of parts made from extruded 
ial-shape bar stock are found in the extensive line of 


5. "B made by the Weatherhead Company of Cleveland. 
or alloys resentative of these are the parts shown in Figs. 8 and 
ed appl: Fhis company reports that an overwhelming majority of 
ne parts ittings are made from extruded bar, making possible a 


used 10 -quality product at low cost. 

n testit fF three of the fittings shown in Fig. 8 are used in the 
packag: Faulic brake systems of modern automobiles. In each of 
addition. F* pictures the extruded bar is shown, followed by the 
gnesiu FF cut from the bar and, finally, the finished part. These 
raft bot Frings serve to emphasize an important feature of ex- 
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Fig. 7 — Left — 
Clever utilization of 
special-shape bar 
involves press- 
forming of blank 
after cutoff to semi- 
circular shape 





Fig. 8—Below—Blanks are cut from special-shape bar and 
machined into finished parts. All three parts shown are 
fittings used in automobile hydraulic brake systems 





Fig. 9—Above—Steps in the production of a forge 
from a blank cut from special-shape bar 





Fig. 10 — Right — 
Use of special - 
shape bar for these 
counter pinion 
liners saved mill- 
ing costs 





























truded bar mentioned earlier in this article, namely, sm 
and even locating surfaces to be used by the shop w 
jigging or chucking the blanks for machining. 
Forging manufacturers frequently find it desirabk 
use forging stock in the form of blanks cut from sped 
shape extruded bar. By employing blanks having 
proximately the shape of the finished forging, one orm 
blocking operations often can be eliminated with ca 
quent cost reductions. An application where this proced 
proved advantageous is the Tee fitting shown in Mig 
As indicated in the drawing, first the blank is cut from! 
bar, next it is forged into the round-sectioned piece sh0 
and finally it is drilled and threaded. It might be wel 
add at this point that the fine homogeneous structut 


(Concluded on Page 152) 





Typical Properties of Hot-Rolled and Cold-Drawn Carbon Steels 





—SAE GRADE OF STEEL—————,_| 
Properties 1015 1016 1085 1045 
HOT-ROLLED fe 
-110 
Tensile Str Be St. Se uty ope 50-70,000 60-80,000 70-90,000 80-100,000 90-110, 
Yield Point Gay — , SRS <Q, <7. 25-45,000 30-50,000 30-50,000 35- 55,000 45, 65a" 
Elongation in 2 Inches (%) ..............20200-- 30-40 30-40 20-30 20-30 
MII CBD... ww ccc cece ccc ccseus 50-65 50-65 35-50 30-45 170-398 
eR RRR 5 ei SS IRE 110-140 187-170 143-182 156-202 
COLD-DRAWN il 
120; 
Tensile Str ern eee eee: Time 70-85,000 75-90,000 90-110,000 85-115,000 100 
(nl a aa 60-70,000 65-75,000 75- 90,000 80-100,000 85-1000 
Elongation in 2 Inches (%) ..................4+. 15-25 15-25 10-20 10-15 ba 
ee "sen (%).................0..0ce0- 45-55 50-55 40-55 30-45 990-335 
oT Ss ck cc ac vo eeeecnewen 149-170 170-187 170-202 183-228 
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New Era Beckons 





HILE political and military leaders ponder the impact of the atomic 
bomb on the balance of power between nations and the thought that 
another world war might mean the end of civilization, engineers 

rightly are keeping in mind the possibilities of harnessing this new elemental 

force for the benefit of mankind. 









Since Einstein, forty years ago, wrote the basic equation showing the 
interchangeability of matter and energy, many have dreamed of atomic 
motors utilizing fuels two billion times more powerful than high-test gasoline. 
That goal, until recently thought to be attainable only in sensational litera- 
ture and comic strips, is brought measurably closer with the development 
of the atomic bomb—said to be as powerful as 20,000 tons of TNT, one of 
the basic high explosives utilizing molecular energy. 























It is one thing, however, to unleash the atomic reaction chain in which 
splitting atoms bombard and smash other atoms to produce an instan- 


oie taneous blast of destruction “the like of which the world has never seen", 


shop wi and another to curb it so as to spread the effect over a long period of time 
and thus develop controlled power. It may be recalled that early attempts 
lesirabh were made to develop internal combustion engines based on the use of 
ile gunpowder. Actually, no “explosive’’ material such as this has ever been 
ne orm successfully harnessed for the production of power, and it is significant 
vith co that one of the major efforts of the war was the production of high octane 
ar quality in aviation gasolines, the sole purpose of which is to control com- 
t ‘a bustion and prevent destructive explosions in the engine cylinders. 
sal That the problems of controlling atomic energy will ultimately be solved 


ructure there can be no doubt. While the terrific pressure of war has brought to a 
successful conclusion a particularly effective phase of the development, 
it is impossible for anyone to predict when the next phase will be completed. 
Perhaps it will be within the lifetime of many who collaborated on the 
“Manhattan Project’. Whenever it comes the work of the engineer and 
designer will take on new and even revolutionary aspects. It is not too soon 
to begin to consider how this tremendous source of power may eventually 
be made applicable to the operation of many types of machines. 
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Shooting Star 


This new Lockheed fighter is driven 
faster than any other plane by the General 
Electric super-jet propulsion turbine which 
has only one moving unit, i.e., an impeller and 
turbine, shaft connected. Jettisonable fuel tanks 
are mounted on inner shackles and faired into 
the extreme tips of the wings. With wing span 
over 38 feet and length over 34 feet, weight of 
the plane empty is about 8000 pounds. Air 
scoops and canopy are the only protuberances 
on its all-metal, semimonocoque fuselage, and 
wing and empennage control surfaces are smaller 
than those of conventional planes—less than 45 
per cent of the area of the P-38 Lightning's control 
surfaces. Six machine guns merge into the lower 
part of the lance-like nose, eliminating the 
possibility of gun flash 
blinding the pilot. Gun 
sight employed is elec- 
trical gyro-lead comput- 
ing type with reflex 

optical system. 
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Electronic Induction Heater 


Simplicity and compactness are emphasized in the de- 
sign of this new electronic induction heater developed by 
Allis-Chalmers. Top half of the steel-enclosed cabinet 
contains the oscillating circuit with two water-cooled 
oscillating tubes, oscillator tank coil, and choke coil. 
Below is the three-phase rectifying system with a heavy- 
duty transformer, a three-phase full-wave rectifier having 
six mercury-vapor tubes, and an industrial filament trans- 
former for each tube. 


Cabinet construction 
is of supporting angle 
frame to which heavy 
gage cold-rolled steel 
plates are fastened by 
L clips. Of welded 
construction, this skel- 
eton frame is_hori- 
zontally braced and 
provides intermediate 
supports for the com- 
ponent electrical parts. 
Work buses which 
carry high frequency 
current to the work 
table are brought 
through an insulated 
panel at right side. 











(New machines listed 
on Page 190) 
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Parts, Materials and Process 





Automatic Recoil Starter 


AFETY against backfiring is provided by this uni F 
automatic recoil starter used on the Jacobsen 
cycle engine, left. The starter utilizes a ratchet § 
pulley attached to an extension of the crankshaft, on 
the cable on the pulley is pulled, a pawl engages { aay 
ratchet to turn the engine. Disengagement of { - 
ratchet is effected at the end of the stroke by aq hn ¢ 
on the starter bracket. In case of backfire the @” ‘ 
acts in the same manner to prevent damage to §!®! 
mechanism. ject 








Widens Scope of Welding S.= 








NEW alternating current arc welding elect 
known as ACP and developed by Westinghou 
meets the rigid requirements of the U. S. Navy Bure 
of Ships for high quality vertical and ove 


here 


lead welds as shown at left center. Map th 
ing possible satisfactory welding in all p 
sitions, this new electrode has an arc pag, 


fier that prevents excessive spatter la” 
during the negative half cycles and 3 
an arc stabilizer to aid in re-establishig / 
the arc after each current zero. 


Eliminates;Wear, Galling 

OOL steel tubing,.SAE 52100 type, 

used for the .spindle sleeve bushif 
in this Giddings & Lewis horizontal b 
ing machine headstock. Replacing brow 
bushings, these thin-wall hardened sleeq@ 
fitted to a sliding Nitr 
spindle maintain ove 
unusually long period & 
built-in accuracy nec 
sary with this type My 
chine. Eliminating ° 
wear, galling and. scot 
encountered with pr 
ous designs, takeup mee ie 
anisms required with t 
original bronze _bearil 
were obviated, gre 
simplifying manufactul 
problems. 


Diam of Solid Shalt of Equal Strength 
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By Colin Carmichael 


Associate Editor, Machine Design 


STABLISHED procedures for shaft design may 
readily be followed with the aid of the accom- 
panying charts. Elimination of the tedious op- 
tions involved in solving formulas facilitates testing 
variety of assumptions and design conditions, arriv- 
gat the most satisfactory and economical design. 
In the following are outlined the principal calcula- 


"hus for which the charts are developed: 


PurE TwistING MoMENT: Shearing stress in a shaft 
biect to twisting moment only is given by the formula 


16T 
na” J 
here S, = Maximum shearing stress, psi 
T = Twisting moment, lb-in. 
d = Shaft diameter (solid), in. 


n the appropriate chart, Figs. 38, 4 or 5, a vertical 


g. 1—Relations between dimensions of solid and 
hollow shafts of equivalent strength 
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Gi /nside Diam of Hollow Shaft 


q, Outside Diam of Hollow Shoft 





Charts Facilitate Shaft Design 


Cngin 





through T, = T is followed to the line corresponding to 
diameter d. Stress is read on right-hand scale. 
ComBINED Loapinc, Maximum SHEAR STRESS 
Tueory: Design of a shaft subject to combined twist- 
ing and bending moments, according to the maximum 
shear stress theory (ASME code), is based on the 





formula 
= —— VT 24M; bee we dS Oe 6 @ bids 6 ee «6%. 64.410 wee (2) 
TOs 
where d = Shaft diameter (solid), in 
T; = K,T 
M, = K,,M 
T = Applied twisting moment, lb-in. 
M = Applied bending moment, Ib-in. 
K, and K,, = Shock and fatigue factors (see table) 
S, = Maximum shearing stress, psi. Code rec- 


ommends that working stress, S,, be 30 
per cent of the elastic limit in tension but 
not more than 18 per cent of the ultimate 
tensile strength. 


Procedure for using the charts to solve Equation 2 is 
explained on Page 150 under “How to Use the Charts”. 


Shock and Fatigue Factors for Shaft Design 


Load Application K; Km 
Stationary shaft 
EE OU st cee he: dR Lae ales ee 1.0 1.0 
ne eee ee 1.5-2.0 1.5-2.0 
Rotating shaft 
Ce OF GUE ins dsc sesaseaeaies 1.0 1.5 
Sudden, minor shocks .............. 1.0-1.5 1.5-2.0 
Sudden, heavy shocks .............. 1.5-3.0 2.0-3.0 


Relations between the diameters 
shafts of equal strength are as 


HoLiow SHAFTS: 
of solid and hollow 


follows 








where d = Diameter of solid shaft 
d, = Outside diameter of hollow shaft 
d; = Inside diameter of hollow shaft. 


Having found the proper diameter d of solid shaft 
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Fig. 2—Key to the use of Figs. 3, 4 and 5 


through the use of Fig. 3, 4 or 5, dimensions of the 
equivalent hollow shaft may be found from Equations 
3 or 4 or with the aid of Fig. 1. It will be observed 
that a hole less than one-third the outside diameter de- 
tracts but little from the strength. 

CoMBINED LOADING, DISTORTION-ENERGY THEORY: 
Design of a shaft subject to combined twisting and 
bending moments, according to the distortion-energy 
theory (see MacHINE Desicn, Sept., 1942, Page 79, 






Bending Moment M, (/b-in.) 


2000 3000 4000 5000 


Twisting Moment 7, and 















and Oct., 1942, Page 78), is based on the formula 


\ 
d= 
Ti 


where S, is the working stress in tension. Other tem; 
in the equation have the same values as before, but i: 
using the charts it is important to note that the valug 
of T, and M, are now as follows: 





16 
S; 








V (1.73KiT)*+ (2K mM)® - 2... 


T,=1.73K.T 
M.=2K.,M 


How To Use The Charts 


Referring to the key diagram at left, the general pro. 
cedure is as follows: 


1. Locate point A (OA = T,) on base line scale 
2. Locate point B (OB = M;) on left-hand vertical 


scale 


3. Measure distance AB and lay off on base line 


4. Locate the intersection of a vertical through the 
point just found and a horizontal through the S value 
on the right-hand scale 


5. Select diameter d from one of the adjacent lines 
on the chart. 


Figs. 3, 4 and 5—Below and Opposite Page—Charts 
for solving shaft design problems 
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Special-Shape Bar 
(Concluded from Page 144) 


extruded metal insures pressure tightness to these fittings 
and also results in a bare minimum of scrap due to de- 
fective parts. 

Some very interesting cost comparisons are reported by 
the National Cash Register Company regarding the use of 
low-carbon cold-drawn steel shapes in the production of 
parts for accounting machines. Both the counter pinion 
liners, Fig. 10, and the impression selecting pawl of Fig. 11 
formerly were machined from regular rectangular bar 
stock. It is worthy of note that savings effected annually 
on these two items alone, as indicated in the following 
tabulation, amount to approximately $2,230. Note too, in 
the case of the pawls, that while the cost of the material 
was greater for the special-shape bar, this slight additional 


Fig. 11—Left—Reduc- 
tion of milling on 
24,000 of these pawls 
through use of special- 
shape bar saves pro- 
ducer approximately 


$500 


cost was offset more than 312 times by the saving effected 
in labor cost. 


Impression Selecting Pawls 
Produced From Regular Rectangular Bar 


Material Cost $ .2468 per 100 pieces 
Labor Cost $3.174 per 100 pieces 
$3.4208 per 100 pieces 


As Produced From Special-Shape Bar 
Material Cost $ .993 per 100 pieces 
‘Labor Cost $ .354 per 100 pieces 
Total $1.347 per 100 pieces 
Amount saved, based on annual usage 
__ of 24,000 pieces Approximately $500 


Counter Pinion Liners 
Produced From Regular Rectangular Bar 
Labor Cost (for milling a .125-in. radius 
on the bottom end) $1.59 per 100 pieces 
Labor Cost (for milling a 25-deg, 30-min. 
82-sec angle on opposite end) .. $1.87 per 100 pieces 
$3.46 per 100 pieces 


As Produced From Special-Shape Bar 


“Labor Cost ( for milling as above) 
Amount saved on labor, based on annual 
usage of 50,000 pieces 


None 


Applications of special-shape bar veritably run the gamut 
of the machine building industry. Pictured in Fig. 12 is a 
pocket transit the cover hinge of which is produced from 
extruded and drawn brass. According to Wm. Ainsworth & 
Sons Inc., manufacturers of the transit, “. . . .to obtain the 
rigidity and accuracy necessary in the special hinge it is 
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impossible to use a punched and formed construction 
to mill the piece from rectangular bar would invo 
cost of at least double that of the extruded design.” 
Dimensional tolerances that can be held on nel 
shape bars vary with size, material and forming meth 
While bars of small cross-sectional area can be held asd 
as one thousandth, really large sections may reg 
latitude of over fifty thousandths. Bar that is drayp 
extruding generally can be held to closer tolerancg 
bar that is extruded only. If it is determined that consi 
able machining can be eliminated by using specialjies 
bar, the most practical procedure is to draw up the 


Fig. 12—Hinge of this pocket transit is produced fn 
extruded and drawn brass as shown in insert 


tion required with tolerances fully specified and consulf No. 
reliable producer. 
Looking toward the future and additional possibilities§ ,, 
the application of special-shape bar, it would seem ati 
able to explore more fully the feasibility of building up 
chine parts of sections cut from these shapes. Stampit 
formings, and screw machine parts have often been ¢ 
bined advantageously in this manner using brazing, 9 
welding, staking, etc., for the fastening means. It ape 
likely that use of parts produced from special-shape ! 
might help to widen this field of application consideral P 





MacHINE Desicn is pleased to acknowledge the genem 
collaboration of the following companies in addition to 
mentioned in the article: A. B. & J. Rathbone; The Amen 
Brass Co.; The Dow Chemical Co. (Fig. 6); Jones & Laugi 
Steel Corp.; Republic Steel Corp.; and Reynolds Metals & + 





Jet Engine Lubrication 


AIRCRAFT GAS-TURBINE engines for jet-prop 
planes require heating rather than cooling for Tubrica® 
oil. The reason, according to General Electric, © 
there is only one moving part in the unit and, because" 
rotates without appreciable vibration, it can be supp'|, _ 
on antifriction bearings. b D, 
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ASTM SPEC. NOS.: A27-44, A87-44, A215-44, A216-44T 


























Specifications of the American Society for Testing Materials (ASTM) for Carbon Cast Steels 
fix only the minimum mechanical properties. Properties higher than those listed can be obtained 
by varying the chemical compositions and by subjecting cast parts to various heat treatments. 


It is suggested that the designer select the steel to be used from the standard (ASTM) speci- 
fications and, after acquainting the foundry with any additional properties required in a given 
part, leave the compounding of the steel and recommendations for its heat treatment in the hands 
of a competent foundryman. 





PROPERTIES PRESCRIBED IN ASTM SPECIFICATIONS 















luced fn 
insert 
ASTM Heat Tensile Yield Elong. in Red. of 
pcification Treat- Strength Strength 2 Inches Area 
1 consulg No. Class ment® (min, psi) (min, psi) (min, %) (min, %) 
silt Carbon-Steel Castings for Miscellaneous Industrial Uses 
, ” 7-44 Al U 60,000 30,000 22 30 
em aaVaA 27-44 A2 Nor A 60,000 30,000 26 38 
ing up mgp27-44 AS A 60,000 80,000 24 35 
tamping2/-44 B -  NorA 70,000 38,000 24 36 
% 44 Bl A 66,000 33,000 22 33 
n CHAT -44 B2 A 70,000 35,000 20 30 
zing, 9gpel-44 H N orA 80,000 43,000 17 25 
It ape 44 H1 A -» 80,000 40,000 17 25 
shape 0 
isiderab Carbon-Steel Castings for Railroads 
87-44 Al U 60,000 30,000 22 30 
e genengas7.44 A2 NorA 60,000 30,000 26 38 
mn to thgno’-44 B NorA 70,000 38,900 94 36 
& Laugl Carbon-Steel Castings Suitable for Fusion Welding for Varied Industrial Uses 
Metals GA215-44 A1lW U 60,000 30,000 22 30 
15-44 A2W A or N 60,000 30,000 26 38 
15-44 ASW A 60,000 30,000 24 85 
Hh BW A orN: 70,000 38,000 24 36 
$9 BIW A 66,000 33,000 22 33 
5-44 B2W A 70,000 35,000 20 30 





op! ; Carbon-Steel Castings Suitable for Fusion Welding for Service at Temperatures up to 850 Degrees Fahr. 
ore A or N.T. 60,000 30,000 24 
5, is AT WCB A or N.T. 70,000 36,000 29 
ause © 
suppor oe —Unannealed, N—Normalized, A—Full Annealed, N.T.—Normalized ‘and. Tempered. 


: — Desicn is pleased to acknowledge the collaboration of the Steel Founders’ Society ot America in this presenta- 
ata included are abstracted trom the Society's Steel Castings Handbook. ae. 
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CARBON CAST STEELS 























































Yield Stren 
Elongation 


ings output. 


Tensile Stren 
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Reduction of Area (%) 


CHARACTERISTICS 
LOW-CARBON STEELS: 


Comprise an extremely small percentage of steel cast- 
Properties of these steels in both normalized 
and fully annealed conditions are substantially the same. 
While their “as cast” and annealed properties are also 
about the same, annealing relieves the castings of internal 
stresses and improves their impact strength. Where design 
is based on endurance strength, it is safe to estimate the 
endurance limit at 40 per cent of the tensile strength, 
applying, of course, a suitable factor of safety. 
fully annealed state, the tensile strength of these steels 
reaches a maximum at temperatures between 400 to 600 
degrees Fahr., while elongation and reduction of area are 
at their lowest values in this temperature range. 
eral impact strength decreases 4s carbon content increases. 
Values that normally can be expected of steels (fully an- 
nealed) in this group having various carbon contents are: 


In the 


In gen- 








Indicative of the properties offered by low-catly 
steels at elevated temperatures are the test values jgpo! 
the table “Test Properties of Low-Carbon Cast gue 

) 


Elevated Temperatures”. 
Bs 


r 


MEDIUM-CARBON STEELS: = 


These grades comprise about two-thirds of all sedi 
ings produced. Full annealing, normalizing, and nog’ 
ing plus tempering have pronounced effects in raising 
strength, elongation and reduction of area of thes 
However, these heat treatments do not alter tensile gapH-CA 
a great deal although they are, of course, valuable 
lieving internal stresses. 

Impact resistance, which decreases as carbon » 
increases, is influenced greatly by heat treatment, 
properties are lowest in these steels when “as cast”, i 
higher when fully annealed, still higher when nomé 
with further improvement effected by tempering #™ 
normalizing. Best impact resistance is exhibited bya 
steels when they are hardened by quenching in wate 





ents | 





No. 2: C—0.14, Mn—0.45, Si—0.29, S—0.037, P—0.016. 


Carbon Tensile Yield Elong. in Red of tempered at from 1000 to 1300 degrees Fahr. Hardening” - 
Content Strength Strength 2 inches Area tempering, however, are possible only when the @” - 
(%) (psi) (psi) (%) (%) design is such as to permit liquid quenching. Whe 
0.138 ... 60,000 33,500 34 59 sign is based on endurance properties, it is safe to ei! - 
0.15... 62,000 $4,000 33 57 the endurance limit as 40 per cent of the tensile sq” - 
0.18 ... 65,000 36,000 32 54 Values that normally can be expected of normalized @ - 
0.20 ... 67,000 38,000 31 52 in this group having various carbon contents are: oe 
ated 
De tie 
TEST PROPERTIES OF LOW-CARBON CAST STEELS AT ELEVATED TEMPERATURES npera 
(all compositions heated to 1650 F for 5 hrs., furnace cooled) ‘ton 
mal 
Composition Mechanical Temperature of Test (deg Fahr) —- thou 
No.§ Properties 70 212 390 570 759 redu 
1 Tensile Strength (psi) 51,000 47,000 61,000 61,000 41,000 48 600 
Elastic Limit (psi) 25,000 22,000 22,000 13,000 10,000 Beat. 
Yield Point (psi) 26,000 24,000 22,000 16,000 15,000 i 
Elongation (%) 36.2 33.3 23.3 26.2 39.2 
Reduction of Area (%) 66.3 64.2 54.9 55.0 66.5 
2 Tensile Strength (psi) 59,000 51,000 58,000 60,000 54,000 a 
Elastic Limit (psi) 33,000 26,000 26,000 14,000 15,000 4 
Yield Point (psi) 34,000 27,000 27,000 19,000 20,000 I 
Elongation (%) 18.6 19.8 10.5 13.5 21.6 
Reduction of Area (%) 28.7 35.6 22.8 21.0 26.5 
8 Tensile Strength (psi) 64,000 62,000 75,000 75,000 61,000 : 
Elastic Limit (psi) 33,000 32,000 32,000 24,000 19,000 7 
Yield Point (psi) 35,000 33,000 $2,000 26,000 23,000 
Elongation (%) 28.5 23.9 16.0 23.2 24.9 
Reduction of Area (%) 40.2 43.7 22.8 31.6 37.8 
4 Tensile Strength (psi) 64,000 61,000 63,000 64,000 = ' 
Elastic Limit (psi) 38,000 35,000 33,000 19,000 rye i 
Yield Point (psi) 39,000 36,000 33,000 25,000 — 
Elongation (%) 29.6 29.5 22.1 21.6 aaa 
Reduction of Area (%) 51.2 51.8 44.0 43.2 
§No. 1: C—0.12, Mn—0.32, Si—0.25, S—0.023, P—0.011. No. 3: C—0.17, Mn—0.67, Si—0.23, S—0.076, La 


4: C—0.18, Mn—0.77, Si—0.19, S—0.04 


Z 
° 





p are 


TEST PROPERTIES OF HIGH-CARBON ANNEALED CAST STEEL AT ELEVATED TEMPERATURES 


(short-time tests, steel contains C-0.58, Mn-0.28, Si-0.22% 


Temperature of Test (deg Fahr) 





70 
81,000 
31,000 
28,000 

16.1 
15.9 


212 390 570 750 J 
75,000 71,000 75,000 71,000 m | 
29,000 27,000 25,000 24,000 . 
29,000 25,000 19,000 16,000 5 

17.9 14.9 9.3 13.7 wil 

19.1 18.3 12.2 148 

















Macume Desicn—Septembet 









Filing No. 7.00 








<a : » Tensile Yield Elong. in Red of 
Cast set” Strength Strength 2 inches Area 
5) (psi) (psi) (%) (%) 

9... 73,000 40,000 $l 52 
»5 ... 76,000 43,000 29 49 
60... 82,000 48,000 27 45 

if all aol? 87,000 52,000 25 40 

, and . 40... 92,000 53,000 23 ‘36 

in 97,000 55,000 21 $2 

of these 

tensile mfH-CARBON STEELS: 

a hese comprise only a small percentage of the total 

canbe castings output. Mechanical properties normally to 

tment xpected in the fully annealed condition with carbon 

cast” ents ranging from 0.50 to 1.00 per cent are: 

en nom 

mpering Pe" Tensile Yield Elong. in Red of 

ibited byqgtent Strength Strength 2 inches Area 

g in wate (psi) (psi) (%) (%) 

Hardening? -.. 96,000 53,000 17 95 

en the qed ... 106,000 57,000 13 17 

1g. Whe 0 ... 118,000 60,000 9 ll 

afe to io? ... 120,000 62,000 7 7 

ensile srg? --- 125,000 64,000 is 5 

rmalized $0 ... 128,000 65,000 4 4 

$ are: 


ome idea of the properties of high-carbon cast steels at 
ated temperatures may be gleaned from the table “Test 
berties of High~Carbon Annealed Cast Steel at Elevated. 
peratures” which lists results of short-time tests made 
annealed steel containing percentages of 0.53 carbon, 
manganese and 0.22 silicon. 

hough, as will be noted from the table, elongation 
reduction of area show pronounced drop between 400 
600 degrees Fahr., impact tests indicated no embrittle- 
pt at these temperatures. 


wes Se ae a 
— 


APPLICATIONS 


— 


ow-CanBon Cast STEELS: Used primarily for parts re- 
g exceptionally high ductility or high magnetic perme- 
ity. Where parts need a hard, wear-resistant exterior 
a tough, ductile core, these steels often are case 
burized. 
EDIUM-CAaRBON Cast Streets: For parts requiring good 
ibinations of strength and ductility. Used in practically 
; heavy machine industries such as railroad, trucking. 
hine tool, rolling mill equipment, etc., for machine 
rT i and stressed housings, flywheels, bolsters, drums and 
m spiders, connecting rods, gears, levers and links, etc. 
IcH-CARBON Cast Sree xs: Principally used in the metal- 
pos "8 industry for bending, blanking and forming dies. 
p—0.04#S such as rolls and various tools, requiring considerable 
“less, resistance to wear and abrasion, and high rigidity, 
Pare made from these steels. 


— 


FABRICATION 
CHINABILITY: 


general the machinability of carbon cast steels is 
™ to that of wrought steels of equivalent strength and 
ity, like indentation hardness and similar microstruc- 
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ture. To conserve cutting tool life it is recommended that 
first cuts be deep enough to remove the surface skin which 
often contains particles of grit and sand. 

Plain carbon cast steel of from 0.25 to 0.35 per cent 
carbon, when properly heat treated has excellent machinabil- 
ity, both from the metal removal and finish standpoint. It is 
a little more difficult to obtain a satisfactory finish on the 
lower carbon class (0.20 per cent carbon) because of its 
high ductility. Steels of the 0.40 to 0.50 per cent carbon 
class take an excellent finish but tool life usually is lower 
than with the more machinable 0.25 to 0.35 per cent carbon 
grade. Steel in the “as cast” condition usually is considered 
more difficult to machine than after it has been properly 
heat treated. Best surface finish is produced on medium- 
carbon steel in the normalized condition and on high-carbon 
steel in the spheroidized condition. 


WELDING: 


The low-carbon cast steels are easily welded by all of the 
welding processes and the resultant welds and joints are of 
extremely high quality. Medium-carbon cast steels can be 
welded with the various fusion processes. In some cases pre- 
heating and subsequent heat treatment may be required to 
produce the desired weld quality, particularly for steels con- 
taining over 0.40 per cent carbon. High-carbon cast steels, 
because of their high carbon content, are more difficult to 
weld than the low or medium-carbon types. With proper 
techniques, however, they can be gas, arc, bronze, or thermit 
welded. 


a 


HEAT TREATMENTS . 
NORMALIZING AND FULL ANNEALING: 


Normalizing and full annealing both are processes in which 
the metal is heated to about 100 degrees Fahr. above the 
critical temperature range followed by cooling. It is in the 
method of cooling that normalizing and full annealing differ. 
In normalizing, cooling is effected in still air at room temp- 
erature. In full annealing, cooling is done in a*furnace and 
the rate of cooling is slower than in normalizing. 

In general, normalizing produces higher yield and ultimate 
strength than full annealing. Ductility is approximately the 
same after either treatment, but normalizing often gives 
higher impact resistance. Full annealing gives a softer steel’ 
and greater freedom from stresses but ties up furnace equip- 
ment for longer periods of time. 


TEMPERING AFTER NORMALIZING: 


Castings may be tempered after normalizing (séldom after 
full annealing) to further remove stresses and to improve 
ductility and impact resistance, sometimes at a sacrifice of 
strength, depending on the tempering temperature employed. 
For removal of stresses, temperatures ranging between 500 
and 1000 degrees Fahr. generally are used. Ordinarily tem- 
peratures below 1000 degrees Fahr. have no effect on 
strength or ductility in a normalized steel. Above 1000 and 
up to 1300 degrees Fahr. strength is progressively lowered 
and ductility is moderately improved. 


QUENCHING AND TEMPERING: 


Where the design of the casting is such as to permit liquid 
quenching, and when the carbon content of the material is 
above 0.30 per cent, heating followed by quenching in 








CARBON CAST STEELS 








water or oil can serve to bring out the greatest strength of 
the steel and, by hardening its surface, give it good wear 
resistance. Occasionally the casting is annealed or normalized 
before quenching to guard against cracking. Tempering is 
done immediately after quenching. Tempering decreases 
brittleness, improves toughness and relieves quenching 
stresses. However, it also decreases hardness and strength. 
Wherever possible heat treatment should be recommended 
by a competent foundryman and the treatment actually 
performed at the foundry. When castings must be heat 
treated after machining for the purpose of removing ma- 
chining stresses, it is wise to consult the foundry for its 
recommendations. 


RESISTANCE TO CORROSION? 


Unprotected by metallic or nonmetallic coatings, carbon. 


steels will rust in atmospheric and natural-water exposure. 
They are rapidly attacked by most acid solutions but show 
good resistance to alkalies. In the neutral range of aqueous 
solutions in the presence of air they have poor resistance, the 
surface film that develops being poorly protective at best. 

There are, however, many corrosion-resistant finishes that 
can be applied to carbon cast steels. In addition to numerous 
paints and enamels, there are of course the metallic coatings 
such as zinc, tin, cadmium, lead, chromium, and _ nickel 
Zine generally is applied by the hot-dip galvanizing process. 


GALVANIC CORROSION? 


In galvanic behavior these steels act as anodic (corroded ) 
metals to copper, nickel, bronzes, brasses, chromium, stain- 
less steels (usually), platinum, and as cathodic (protected ) 
metals to aluminum, zinc and cadmium. Tin and lead are 
close to iron in electrochemical character; tin may be 
cathodic or anodic depending on factors such as aeration, 
and lead usually is cathodic. Of course galvanic corro- 
sion can exist only when the dissimilar metals are in contact 
in the presence of moisture. Protective coatings that serve: 
to separate the two metals will effectively curtail such cor- 
rosion. 


DESIGN TIPS 


(Applying to all steel castings) 


Keep Sections aS UniForM as Posstste: Care should 
be exerciséd to maintain all section thicknesses of a cast- 
ing as uniform as is practicable. Where it becomes neces- 
sary to have adjoining sections of different thicknesses the 
change from one thickness to another should be as gradual 
as possible. This is necessary because thin sections solidify 
in the mold sooner than do thick sections and the resulting 
drawing action, due to unequal size-contraction during cool- 
ing, sets up stresses which seek out the weakest spot in the 
casting—generally the juncture between the contrasting sec- 
tions—with the tendency for a crack or tear to develop. 


#Corrosion Resistance of Metals and Alloys, 1936, Reinhold Pub- 
lishing Corp. 






—___ 


Speciry Proper Fitters: In general, a good though 
infallible rule of thumb is to specify fillet radii equal t; 
thickness of the adjoining sections, However, since 
corners or corners with insufficiently large fillet radi 
duce stress concentration points, and fillets that are { 
large cause excessive shrinkage cavities, it often is bey 
leave the radii of as many fillets as possible to the dj 
of the patternmaker. Of course radii that have q 4 
bearing on the functioning of the part must be specified 




















the. designer, but even in these cases, if there is any qq =—-B 
tion as to the effect of the fillet size on casting characteris and 
it is well to solicit the suggestions of a patternmaker, | clot 

ConsIDER Cast-WELD CONSTRUCTION: Often a steel p05! 


ing becomes extremely complex in design and its inty 
makes casting difficult or impractical. In such cases } 
wise to consider building up the complete unit from sep 
more easily cast parts which may be joined readily by 
ing into a structure of good homogeneity having excel 
properties. 

SEEK UNIFORM AREAS AT JOINTs: Five primary ways 
employed in joining cast sections. These are the L, V,} 
and X types of joints. If the area of the section forme 
any of these joints is greater than that of an adjoining 
tion, a hot spot is apt to develop in the joint due to the 
ferent contraction rates during cooling, and these often 
rise to defects. Joint designs subject to the formation 
hot spots are shown in sketches a, b, c, d, and e. Those: 
signed to obviate hot spots are shown in sketches aa, 
cc, dd, ddd, ee, and eee. It should be noted that the 
hole type of joint design, dd and ee, has limited appli 
being useful only where the intersection is not extensiv 
intricate and involved. 
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he discres ‘\ Principles of Firearms 


By Charles E. Balleisen; published by John Wiley 
and Sons, Inc., New York; 140 pages, 5 by 8% inches, 
clothbound; available through MacuineE Desicn, $2.50 


postpaid. 


for engineers engaged in the production of automatic 
dhs or as a matter of fact anyone interested in firearms, 
book presents a clear analytical approach to the de- 
m, manufacture and operation of small arms. Expound- 
p the theory that an automatic firearm is a piece of 
;chinery operating in accordance with well known laws 
physics and capable of being analyzed and designed 
accordance with common engineering practice, the 
hor covers this subject from the viewpoint of the me- 
@nical engineer and designer of machines. ‘ 

reating a limited number of familiar weapons the 
iter discusses gun barrels, recoil mechanisms, functions 
automatic weapons, opérating systems, and five sample 
bes of automatic guns. 


sights, unsolved’ problems in design, testing of 
papons, exterior ballistics, and gun mounts. 

Profusely~ illustrated’ with drawings and charts. this 
thoritative volume contains sufficient introductory ma- 
ial to prove a valuable guide to the uninitiated student 
d the advanced data not readily available heretofore 
ll prove to be of great interest to the design engineer. 


J 


By R. Tom Sawyer; published by Prentice-Hall, 
Pn Inc., New York; 216 pages, 6 by 9 inches, clothbound; 
awailable through Macuine Desicn, $4.00 postpaid. 


O O O 


The Modern Gas Turbine 





This is an up-to-the-minute work dealing with the mod- 
' gas turbine and its various uses as a supercharger and 
me mover in all fields of service including jet propul- 

mt. The author not only presents the reader with a clear 

king knowledge of gas-turbine operation, but delves 
into history to complete the picture with a chrono- 
ical outline of its development over the years. 

Vse of diesel exhaust for supercharging or operating a 

“é mover is discussed, and all the known applications 

Covered thoroughly. Recent improvements in gas- 
ine efficiencies are dealt with, as well as performance 
ots, mechanical aspects, general design and fuels. 
apters dealing with the use of the gas turbine in indus- 
and locomotive and marine service bring together a 
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ASSETS to a BOOKCASE 


% The remainder of the book'’ 
| devoted to trigger and sear mechanisms, cartridgé: 






large amount of useful information on present applications 
and future possibilities of these units. Interesting informa- 
tion is given regarding materials capable of withstanding 
the extreme temperatures and stress of turbine operation, 
especially in aircraft turbosuperchargers. 


oS & & 


Manual on Design and Application of Helical 
a and Spiral Springs for Ordnance 


Published by the Society of Automotive Engineers 
Inc., New York; 89 pages, 8% by 11 inches, paper- 
bound, available through MacuineE Destcn, $1.00 post- 
paid to SAE members, $2.00 to nonmembers. 


Most designers of springs aim for maximum possible 
endurance life as the prime requisite for most ordinary 
spring applications. However, this is not the case in ord- 
nance work where minimum weight and size, limited life 
expectancy, and absolute reliability must prevail. 

For any designer of springs as well as those involved 
expressly in ordnance this manual furnishes a wealth of in- 
formation on the characteristics of available spring ma- 
terials, fabricating methods, and design features peculiar 
to ordnance springs. Limits are designated within which 
these materials and methods may be safely used. Data 
and recommendations represent the coordinated views 
of a great many leading fabricators and users of springs 
and spring materials. 


Ovo QO 


ASTM Standards on Copper and Copper Alloys 


Published by the American Society for Testing 
Materials, Philadelphia; 431 pages, 6 by 9 inches, 
paperbound; available through Macuine Dessicn, 
$2.75 postpaid. 


Intended primarily as a convenient engineering materials 
reference work is this latest edition of the special ASTM 
compilation of standards presenting the various specifica- 
tions pertaining to copper and copper base alloys. Some 
90 widely used standards included cover wire and cable 
electrical conductors, nonferrous metals, plate, sheet, strip, 
wire, rods, bars, shapes, pipe, tubing, alloys for sand 
casting, methods of testing, etc. War emergency specifica- 
tions and emergency alternate provisions applicable to 
copper and copper alloys:along with tentative standards 
and recommended practices‘ provide a complete and up- 
to-the-minute volume. : 








MACHINE DESIGN welcomes comments from readers on subjects of interest 
Payment will be made for letters and comments published 


to designers. 


... particularly like treatment’”’ 


To the Editor: 


Reviewing the article on “Selecting Drives for Speed 
Control” by E. L. Schwarz-Kast, I feel that he has done a 
very good job covering the subject from a general stand- 
_ point. We particularly like the treatment showing a speed- 
torque characteristic curve together with a connection dia- 
gram for each of the circuits considered. 

The material on series, compound, and shunt-wound 
d-c motors is especially well-organized and thoughtfully 
presented. 

—J. P. Smrru, Industrial Engineering Div., 
General Electric Co. 


** ... established methods not tried”’ 


To the Editor: 


The article “Predicting Power Losses in Journal Bear- 
ings” by C. D. Wilson in the May issue of Macuine De- 
sicn demonstrates the importance of the use of lubricating 
oil as a coolant. It is regrettable that the present knowl- 
edge of the function of an oil as a lubricant has been ig- 
nored. It has been our experience that the work of Kings- 
bury, Howarth, Needs, and others provides a satisfactory 
basis for computing power losses in bearings similar to 
those described by the author. No indication was given 
that the established methods had been tried or if they had 
been tried, why they failed. 

To secure some comparison, the methods described in 
Kent’s Handbook, Eleventh Edition, were used to com- 
pute the losses in the bearing used by the author as an ex- 
ample. Using a viscosity of 1.42 10—* Reyns corre- 
sponding to a temperature of 150 F and assuming that a 
120 degree arc of contact would be sufficient to carry the 
load, the radial clearance for minimum friction is 0.0066- 
in. and the resulting loss would be 30 hp. This would per- 
mit 240 degree contact with the journal surface for the 
cooling oil giving much better heat transfer. 

The losses shown by the author are much _ higher 
and may be due largely to heat conducted from the tur- 
bine itself. This not only throws an additional cooling 
duty upon the oil but would prevent rational analysis 
of the bearing performance unless it were taken into 
account. If this is true the curves shown by the author are 
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valid only when proportionate amounts of heat are added i 
the bearing from an external source. 
Without doubt, Mr. Wilson’s paper correlates the fa 


mainly interested; i.e. fairly high rubbing speed, lay 
bearings with large supporting structures and with ré 
tively little heat coming from sources other than the bes 
ing itself. The methods appear to be wholly empirical 
of course quite valuable aids to design can be provid 
from a mass of data by purely empirical methods, but 
feel that these methods do not apply, for example, to hig’ h 
speed, internal combustion engine bearings, and if 
tended to such a purpose, the methods might be mi 
leading. 
—R. J. S. Prcorr, Chief Engineer 
and Paut G, Exuine 
Gulf Research & Development C 


To the Editor: 


Messrs. Pigott and Exline are correct in the ov 
that the methods outlined in the article are wholly e 
pirical. The experimental data were taken for compar 
tively large bearings loaded by the weight of the shaft’ 
a constant downward direction. The tests were made? 
generator bearings so that there was no flow of heat to ts 
bearings from outside sources. The article stated that & 
data obtained from these tests has proved useful in pt 
dicting power losses and oil requirements for other sm 
of similarly designed bearings. It was not intended ti 
the curves be applied to engine bearings or to other bes 
ings having an entirely different type of loading. 

In applying standard methods of calculation to the bea 
ing in question, Messrs. Pigott and Exline* experienced D 
same difficulties encountered by the author in tying" 
correlate tests on large high-speed bearings with calcul 
tions. They used a viscosity corresponding to the out 
temperature of 150 F but the temperature of the oil 
the bearing where the losses occur varies between ® 
inlet temperature of 120 F and the outlet temperature! 
150 F. Also’ in their calculation, they apparently 
considered the loss in the 120-degree load-carrying pa™ 
of the bearing and neglected the losses which occu 
the upper half. These latter losses are appreciable d 
the test data indicated that by relieving the bearing © 
duce the rate of shear in the unloaded portion that @ 
siderable reduction in power loss can be obtained. 1' 
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half of the bearing could be completely removed, 
, certainly is not desirable in a high-speed turbine 
ing, it is possible that closer agreement could be ob- 
4 with the calculated loss for a partial bearing. 

‘hen the methods of calculation for a full bearing are 
1 as described in Kent’s handbook (which is the 
‘ition most nearly applicable to the bearing in ques- 
\ and the same viscosity (corresponding to 150 F) 
ed, a 78 hp loss is obtained. This is slightly higher 
| the value obtained in the tests. 

ie empirical method of estimating bearing perform- 
for a particular type of bearing, as outlined in the 
He, was developed to simplify the work of calculating 
1 losses and provide a means of taking care of the 
what indefinite viscosity term as well as other factors 
he bearing design which are difficult to evaluate cor- 
ly by purely theoretical means. 








- added tf —C. D. Witson, Steam Turbine Dept., 
Allis Chalmers Mfg. Co. 

the fact 

- a “ .. forgings replace castings’’ 

a ¢ Editor: 

al he article entitled, “Improved Processes Widen 

ool ne of Ferrous Castings” by G. Vennerholm of the 


; but wii Motor Company in June issue of MAcHINE 
’. 1 .Micn has made a nice presentation of ferrous casting 
d if : tice to keep progressive engineers familiar with 
be mig #dvances in ferrous casting during recent years. 

lowever, the article seems to intimate that ferrous cast- 
will replace many of the present day forging appli- 
ms and advances some illustrations where this has oc- 
ed. The author failed to mention that despite the 


igineer 
<XLINE 
ment () 


critical shortage in forging capacity, it has been just as 
necessary to replace many castings with forgings due to 
the failure of the castings under severe and unpredictable 
stress conditions. In Fig. 8, there is shown a landing gear 
strut claimed originally a forging but changed to a cast- 
ing. I have found in our plant an identical landing gear 
strut that was originally a centrifugal casting but due to 
failure in service has been produced as a forging. 

The author’s own words indicate the reliability of the 
forging. He states, “All steels originally are cast; the dif- 
ference, therefore, between a casting and a forging is 
largely due to the effect mechanical working has in break- 
ing up the cast structure, increasing the density of the ma- 
terial, and minimizing the effect of nonmetallic inclu- 
sions.” He further states, “In order to arrive at equal 
properties regardless of method of manufacture it will, 
therefore, be necessary to introduce external or other forces 
which will reduce grain size, minimize the tendency to- 
wards shrinkage cavities and in general increase the den- 
sity, thereby simulating effects of mechanical working.” 


It is entirely possible and probable that new and better 
methods of metal working will be developed in the future, 
and from our present knowledge of metals, the new meth- 
ods will probably be improved methods of forging prac- 
tice. It does not seem logical that simulated methods of 
metal working will produce a product as good as forging 
any more than simulated pearls approach in quality the 
genuine pearls. The critical shortage of forging capacity 
during the war period is the best indication that there is 
no adequate substitute for the forging in its ability to 
serve under conditions of unpredictable loads. 


—W. Navyoxs, Chief Engineer 
The Steel Improvement & Forge Co. 
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“He wants to know at what school the Jominy Test is being given’ 
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Explosionproof Dry-Air Pump 


LIGHTWEIGHT motor-driven dry-air pumps of Eclipse- 
Pioneer Division, Bendix Aviation Corp., Teterboro, N. J., 
will be of interest to the aviation industry and its allied 
fields. This explosionproof.pump requires no lubrication 
and is designed to provide air pressure or suction for 
camera operation, fuel tank pressurization, ignition harness 
pressurization, instrument control, gas detector operation, 
and radio harness pressurization. It provides a theoretical 
air flow of 4.1 cfm at 10,000 rpm, and is driven by an in- 
tegral 0.2 bhp 27.5 volts direct-current, explosionproot 
motor. Rated capacity is 0.018 lb per min air flow at 11.1 
in. Hg Abs inlet pressure, maintaining 31 in. Hg Abs dis- 





charge pressure. Maximum operating characteristics in- 
clude: Current draw, 15 amp; pressure differential, 20 
in. Hg; discharge temperature, 300 F; minimum flow, 0.01 
Ib per min. Since the pump requires no lubrication, it 
provides air, free of oil contamination, and can be mounted 
near its supplementary equipment or in inaccessible places 
on horizontal stabilizers, dorsal fins, wings, etc. The pump 
is a rotary, single-vane type, the vane being held against 
the rotor by pressure exerted through dual helical springs. 
Having a finned rotor housing, the pump incorporates an 
automatic electrical overload protection. Weight of the 
pump is 4.75 lb. Overall dimensions are 8 21/32 x 
3 17/82 in. 


Tension Lock Control 


OFFERING A positive lock for difficult control jobs, the 
new push-pull tension lock control of Arens Controls Inc., 
2253 South Halsted St., Chicago, will hold load pressure 
which can be applied by hand. It can be used in com- 
bination with rods and cables as well as other flexible 
or rigid push-pull remote controls. Consisting of a %-in. 
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PARTS ano MATERIA 


‘break silver contacts are replaced readily if and ¥ 







Mors al 























ation 
ings 
pn, 9a 
(TRO! 
Tape 
steel sleeve with all operating mechanism containej . 
in it, the new lock control is compact and weighs tall 
8 ounces. The aluminum T-shape control knob j wed 
signed for ease of operation and locks the come? 
any position of travel. Pulling out the control hey wi , 
the control to any desired position, as the wedge lim / 
ed, 
o the 
contr 


ich ii 
ews a 
jack : 





side the control; wedges itself against the wall of 
outer sleeve: ‘preventing the inner sliding member 
moving back. Pushing the button on the head of 
control depresses a spring which actuates the wedge 
to give wall clearance from the outer sleeve, pemil 
the sliding control member to be moved. 


the | 
shing 
eade 
edged 
AN OUTSTANDING a Avant 
feature of the new Size = Te a g of 1 
00 Type Q contactors, : 4D “" ORY SS Bad th 
just announced by ere er Oo Ponts 
Square D Co., 4041 1 3) —— (0 

North Richards St., ) 2 

Milwaukee 12, is that 
they can be changed 
easily from normally- 
open to normally-closed 
without additional 
parts. This conversion 
is performed by remov- 
ing a movable contact 


Convertible Contactor 
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assembly, inverting it, ae 

and putting it back in Wo 
place, involving no ad- | or 
ditional parts. Both accessibility and compactness ® a 
been combined in the new contactors. All tems mo 
have provision for two wiring clips. A new-type MF" 


bar and guide assure substantially increased life. Dow 4 


MIN 


prolonged, frequent operation makes replacement ne 


sary. Suitable for. mounting on steel panels, these OF 
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ors are available with two to six poles in any com- 
ation of normally open and normally closed contacts. 
ings are 600 volts, alternating current, max; 10 amp 


pn, 9 amp closed. 
] | V-Belt Sheaves Offered 


ITRODUCED BY Dodge Mfg. Corp., Mishawaka, Ind., 
Taperlock V-belt sheave represents a new means of 

ickly mounting and demounting V-belt sheaves. To 
al] the sheave, it is necessary to slip the sheaves and 
shing assembly on the shaft and tighten two or three 
ing screws, depending on the size of the sheave. 
ews are in threaded engagement ‘with the sheave hub 
free in the bushing groove. As the screws are tight- 
‘Bed, they push against the tapered bushing, forcing it 
9 the tapered bored hub. This causes the bushing 

j contract and wedge between the hub and shaft on 
hich it is installed. To remove the sheave, locking 

ews are removed'and one or two of them are inserted 
jack screw holes partially in the bushing and partially 


tained 
weighs 
knob j 
© cont 
Tol head 
edge 





wall of 
ember { 
ead of 
- wedge 
pe mit 




















the hub. The portion of the jack screw hole in the 
shing is threaded and that in'the hub portion is un- 
eaded. As screws are: tightened, the bushing is de- 
edged and the sheave is free for removal from the shaft. 
vantages offered in this construction include a mount- 
g of minimum dimensions for accommodation of screws 
nd their connection with hub and bushing. It also 
emits the use of flangeless bushing and eliminates ex- 
msion of either hub or bushing or any collars or pro- 
ding parts. This reduces weight and facilitates mount- 
hg and demounting. Wedging action provided gives the 
quivalent of a shrunk-on fit on the shaft whether it is 
andard or normally undersize. The bushing extends 


he entire length of the hub providing a full bearing 
itface, 


Solderless Connector Strips 


Wo NEW TYPES of connector strips have been made 
ailable by Aircraft-Marine Products Inc., 1521-31 North 


ness fi 
termisgourth St., Harrisburg, Pa. These include the single- 


e cont dth and double-width strips which incorporate a knife- 

doo” h disconnect terminal design. The single-width 
nd warp, adapted to use with the AMP pre-insulated splicing 
nt neeMinal, requires no insulation sleeving. Knife-switch 
nese OMAt of the permanent member extends outside the strip, 
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and connection and disconnection are made without re- 
moving the cover of the assembly. The double-width 
strip in which the disconnect ends are enclosed is locked: 
and insulated by the cover, one-half of which is inde- 
pent of the other half. Disconnection is made by un- 
screwing one-half of the cover to expose connections. 
Permanent disconnect member of the splice has an ex- 
tended tongue fitting into the connector strip. This mem- 
ber terminates in a knife-switch stamping to which ter- 








minals of knife-switch design may be connected or dis- 
connected by holding the free terminal end vertically in 
contact with the strip member and then pulling back. 
This results in a four-point contact. 


Heavy-Duty Turn Switch 


K NowN AS Type 
043T-2, a heavy- 
duty turn — switch 
manufactured by * 
Donald P. Mossman 
Inc., 612 North 
Michigan Ave., Chi- 
cago is particularly 
suitable for radio 
and audio applica- 
tion. Mounted sing- 
ly, complete isola- 
tion of radio and 
audio frequency car- 
rying elements is 
achieved. Action of the switch is rather unusual in that 
both frequency ranges can be controlled in the same unit 
assembly. The switch is mounted in a cast steel housing. 
Mounting bracket fits into a final electronic unit as a 
mounting for the switch, and as a shield between various 
frequencies. Overall resistance at soldering lugs is below 
0.007-ohm. Essentially a two-position switch, and devel- 
oped to meet severe operating conditions, it is assembled 
for locking or nonlocking action. It also may be. provided 
with an extra long bushing and gland nut where extreme 
moisture conditions exist. All basic content forms may be 
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used, and. combinations developed to provide for a 
greater variety of circuit arrangements. The switch is rated 
at 110 volts, alternating current (non-inductive ). 


Welding Rod Offered 


For HARD-SURF ACING operations where extreme 
hardness and resistance to shock and corrosion are re- 
quired, the new super-hard and tough alloy steel weld- 
ing rod is composed of high carbon, high chromium, high 
molybdenum, tungsten and vanadium. This steel, offered 
by American Manganese Steel division of American Brake 
Shoe Co., Chicago Heights, IIl., has a brinell hardness 
of 575 to 675, depending on the dilution of the metal. 


Electric Actuated Hydraulic Valve 


RECENTLY INTRODUCED is the Motordyne series of 
valves, developed by the Pacific Division of Bendix Avia- 
tion Corp., North Hollywood, Calif., to meet a growing 
cemand for a simple electric actuated hydraulic selector 
valve. A high-speed electric motor driving through a series 
of reduction gears actuates the valves in either direction. 
in approximately %-second. All spring-returns, current- 
draining holding coils, and all small pilot valves and ori- 





fices have been eliminated. A manual override in the new 
valves provides easy emergency operation by rotating 
the cover of the unit. The valves are not affected by vi- 
bration and can be mounted in any position. Hydraulic 
steam pressure is not required to hold the valve open, 
which permits emergency or hand pump operation. The 
complete unit weighs 2.86 Ib for the %-in. tube size 
Motordyne valve. 


Pump Offers Finger-Tip Control 


No LARGER than a man’s two fists, a new aircraft type 
pump of Pesco Products Co., 11610 Euclid Ave., Cleve- 
land 6, supplies hydraulic power for controlling tractor- 
mounted implements. The hydraulic pressure provided 
will raise or lower, at a flip of a handle, plows, harrows, 
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cuitivators and other implements mounted directly oy 
tractor. This tractor pump is an adaptation of the to 
panys gear-type, pressure-loaded pump for aircraft yg 
Some of the advantages claimed include high over 
efficiencies through the full range of operating temper 
tures that might be encountered, and long service } 
accomplished by an automatic adjustment of end clea: 
ances which compensates for wear. The pump ig sai 
to have demonstrated its ability to function at temper 
tures from subzero to tropical. 


Motored Time Switches 








Most RECENT improvement in three 300 Series 
switches of Paragon Electric Co., 37 West Van B 
St., Chicago 5, is the inclusion of an industrial type, sef 
starting synchronous motor. Operating advantages of thi 
type motor include capillary oiling system, practi 
instantaneous self-starting at full rated load, gear redug 


tion sealed to exclude dirt and dust, and low power conf. 











sumption. Light in weight, small and compact in desi 
the switch has a capacity of 3000 watts per pole wi 
easily mounted, accessible terminals, skip-trip fea 
knockouts on three sides and bottom, and two-bearing 
plate construction. Some uses of the switch include th 
control of fans, stokers, oil burners, blowers, pump 
valves, motors, etc. 


Electrical Insulating Board 


ONE HUNDRED per cent noncotton cellulose electrical 
insulating board with better characteristics than one hut 
dred per cent rag board, known as DUROK, has been # 
nounced by Rogers Corp., 36 Mill St., Manchester, Com 
Dielectric strength of the material ranges from 400 to 6" 
volts per mil. Methanol and naphtha extractables, # 











portant in hermetically sealed refrigerator motors, are 0. 
to 0.12 per cent and 0.02 to 0.08 per cent. Tensié 
elongation, tear and Mullen tests: indicate that the 
board is at least 15 per cent stronger than the compa} 
100 per cent rag board. Because of complete absence | 
chemical treatment or sizing, the new material is newt 
has good heat-aging characteristics, readily dries our a 
a shorter baking cycle and absorbs insulating varnish. 

material is made by laminating many thin, continuous ™ 
ers while wet under high pressure, without adhesives ' 
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Che Case of the Hidden Cost 


@ In 1935 there were no shortages. Competitive selling was the 
order of the day. At that time a machinery manufacturer found a way 
to save ten cents on each of four bearings for one of their products. 
Instead of the precision made Johnson Sleeve Bearings, they sub- 
stituted a rough-machine finished bearing, made from an oxidized 
alloy of uncertain analysis, cast in their own foundry. 





Yet the total cost of the machine went up four dollars! 


The reason was obvious. On the assembly line it required hours... 
instead of minutes . . . to install the bearings. In some cases the 
bearings had to be hammered into place. Most of the bearings had 








to be reamed after installation. A few required immediate replace- 
Bi ment due to breakage from the stress of installation. This substitution 
Pp rectsion P. ays eee caused considerable customer dissatisfaction through increased 
service costs . . . difficult and frequent replacement. 
A lew cents saved on machin- There are many and various ways cf cutting costs in manufacturing 
ng tea the bearings usually . . . but no sensible method involves a compromise with quality. No 
re a. re damage part in any motive unit is more important than the bearings. Great 
ne ‘2 shaft. A littie — care should be exercised in selecting the type for each application. . . 
Jectrica ee quality and pre- in specifying the tolerances . . . the finish and the alloy. The easiest 
ne hus 0 pays off with greater way to determine the correct answers to your bearing problems is to 
| Performance, lower cost oper- call in a Johnson Engineer. There is one located near you. 
een at ation and longer bearing life. 
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chemicals, then drying without any tension. Stock sheet 
sizes are 36 x 48 in. and 36 x 24 in., with the grain direc- 
tion parallel to the second dimensions. Thicknesses now 
available are 0.015, 0.020, 0.025 and 0.030 in. The com- 
pany also fabricates the material into motor slot cells and 
other insulators and structural pieces. 


Overruning Clutch 


CONSISTING OF cylindrical inner and outer races, with 
the annular space between them filled with formed sprags, 
an overrunning clutch has been introduced by The Gear 
Grinding Machine Co., 3901 Christopher, Detroit 11. Con- 
tact with both surfaces of the clutch is maintained by an 
energizing annular spring at each end of the sprags. All 
sprags are rotated at the same time when torque is applied, 
gripping both inner and outer races to form what is prac- 





tically a single piece of metal. When torque is removed, 
sprags release. Positive engagement and disengagement 
may be made hundreds of times per minute. Localized 
stress is reduced to a minimum due to the large number of 
sprags.. Torque-carrying capacity of the clutch is equal to 
the torque-carrying capacity of any shaft which has a di- 
ameter less than the diameter of the inner race. 


Processed Cotton Cloth 


DESIGNED FOR diaphragm uses such as in fuel pumps, 
a specially processed cotton cloth has been developed by 
Irvington Varnish & Insulator Co., Irvington 11, N. J. 
The new cloth has high bursting and tearing strengths, 
remains flexible and offers recovery over a wide range 
of operating temperatures. 


Solenoid Contactor 


ID IRECT-CURRENT solenoid contactors, completely en- 
closed for protection are now being produced by R-B-M 
Mfg. Co., Div. of Essex Wire Corp., Logansport, Ind. 
Known as Type 71 this sturdy compact unit is for low- 
voltage power application on either stationary or mobile 
apparatus. To provide complete protection against dirt, 
moisture, vermin and other destructive elements, magnet 
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coil and contacts are fully enclosed in a magnetic iron ¢ 
with cap spun over. All metal parts are plated for 
ther protection. The contactors are available with sing! 











pole, normally-open, double-break contacts, rated at | 
amp continuous; 300 amp in-rush at 32 volts, direct 

rent, and below. Copper contacts are standard, tho 
special alloys are furnished. The approximate size of 
contactors is 3% x 3 x 2% in. Average weight is 14 
Although not designed for Air Corps specifications, 

unit will pass 10g vibration or acceleration tests, and wi 
stand vibration and shocks normally encountered in p 
senger cars and trucks. 


Flexible Joints Announced 





DEVELOPMENT OF Flexo Joints by Flexo Supply 
4221 Olive St., St. Louis 8, makes possible flexible pi 
connections to moving machinery under high or low p 
sure, heat or cold, with steam, air or fluids. Having 
ability to swivel through 360 degrees, these leakproof joi 
consist of four parts, each one interchangeable and mat 




















in all standard pipe sizes from %4-in. to 3 in. with thread 
ends.Four different styles are available. The standard 
is bronze, designed for working pressures up to 250 lb 
temperatures not exceeding 500 F. For high pressures 
to 1350 Ib and temperatures above 500 F the joints é 
of .cast-steel. Installedin the: samé manner as any Pl 
fitting, the joints may be used for practically any s°" 
by varying the composition of the inner seal. 





> 
Standard Grease Fitting 
AVAILABILITY HAS been announced by The “ 
Engineering Co., 5701 Natural Bridge Ave., St 'lGnes 





York 





0 
20, of its new grease fitting known as the Bullneck. 
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you want them light. 


Mm to V2 


It's basic that you turn to die castings for definite 
qualities: accurate dimensions, a minimum of 
machining, good surface finish, low cost. But don’t 
stop there—add the benefits of strong, lightweight 
magnesium alloys to complete a vie that gives you 
maximum quality ... economy .. . speed. 

Magnesium alloys offer weight economy that is 











unique among structural metals; at the same time 


they have high strength and resistance to shock. 


hese magnesium advantages—together with the 






es 


STONE. 


AGNESIUM 













ligh qualily dle castings 


— 


benefits of die casting—form a combination that 
is doing an increasingly important job throughout 
industry. 

How would magnesium alloys work in your own 
product? For a sound, dependable answer, we in- 
vite you to call upon the accumulated experience 
of many years’ work in Dow’s own shops. Get in 
touch with the nearest Dow office; a technically 
trained magnesium consultant will be assigned to 
work with you. 





THE METAL OF MOTION 


ie UM DIVISION, THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN ’ 
* Boston e Philadelphia e« Washington e Cleveland e Detroit e St.Louis ¢ Chicago e Houston e San Francisco ¢ Los Angeles © Seattle 


LHD 
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inally developed for use as standard equipment on heavy 
military combat and transportation vehicles, the fitting 
has such features as a flush ball check, larger grease 
passage, bearing pad for coupler jaws, and a noncol- 
lapsible spring which cannot be forced out. It is ma- 
chined from steel bar stock, hardened to a uniform de- 
gree throughout, and has a heavy zinc plating to with- 
stand the severe usage encountered on heavy equipment. 


Countersunk Plastic Pipe Seals 


PLASTIC PIPE seals and thread protectors in counter- 
sunk pattern, announced by American Molded Producis 
Co., 1644 North Nonore St., Chicago 22, offer strength 
and lightness, as well as toughness of plastic. The plastic 
takes accurate and durable threading, is noncorrosive, di- 


electric, and excludes moisture, oil, dirt, grit, etc. Square 


sockets of the new countersunk pattern are of dimensions 


to fit commercial square bars of standard sizes. Dimen- 
sions are the same as the maximum size of cold-rolled 
square steel bars given in ASTM specifications. Sizes 
available include %, %4, %, 2, % and | in. 


High-Tensile-Strength Steel 


ANNOUNCED RECENTLY by Horace T. Potts Co., 
East Erie Ave. and D St., Philadelphia, a new steel is 
furnished in heat-treated condition with a tensile strength 
of 125,000 psi or better. It is readily machinable, and 
has unusual uniformity in cross-sectional hardness. It is 
suitable for stressed or wearing parts with unequal cross 
sections. According to the company, this material known 
as Elastuf Type A-2 has been used for crankshafts, gears, 
shafts and miscellaneous machine parts. 


Three-Purpose Electrode 


DESIGNED TO produce horizontal fillet welds with 
flat or slightly concave profiles and concave fillets in the 
flat position, as well as deep fillet and deep groove, a new 
combination-type welding electrode is being marketed as 
Airco No. 315 by Air Reduction Sales Co., 60 East Forty- 
second St., New York 17. Applications for the electrode 
include pressure vessels and their connections, heavy ma- 
chine weldments, structural assemblies and practically all 
heavy steel assemblies where high weld quality is impor- 
tant. It may be used with conventional technique, em- 
ploying normal currents, under which conditions medium 
a 
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penetration is obtained. Deeper penetration is 
when deep fillet technique is used with the high 
recommended for this procedure. 


Combustion Engine Lubrican} 


PARTICULARLY adaptable for cold weather ws 
internal combustion engine lubricant has beep 
by Carbide & Carbon Chemicals Corp., 30 Kay 
second St., New York 17. It can be manufactye 
desired viscosity and is wax-free. Pour-points 
—30 to —80 F and flash points range from 300F 
The materials have densities approximating that of 
Carbon residue values are less than 0.01 per cent 
less of viscosity. Lubricant is characterized by low 
of viscosity with change in temperature, havingy 
indices in the range of 140 to 160. Sludge and 
formation in engines is practically eliminated. 
cant is manufactured in two types, water sol 
water insoluble, the latter type being used for lah 
internal combustion engines. Other applications) 
lubrication of refrigerating machines and other m 
operating under conditions of low temperature of 
a nonsludging oil is required, and as hydraulic fluid 
tile lubricants, etc. 


Complete Line of Control Devices 


A COMPLETE LINE of control devices embod 


unique snap-action arrangement which lends itself | 
curate control of temperature, pressure, humidity 
mechanical displacement, has been announced by 
Paul Henry Co., Thermal Div., 2037 South La Ci 
Blvd., Los Angeles 34. Other features of the control 
Double-break contacts; applicable range from -lf 
600 F; enclosed contacts; single and double-throw; s 


pole or independent circuit double-throw; resistant | 
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bration; low thermal lag; tamperproof; adaptable 


mounting means; contact openings from 0.010 to 
as desired; operating parts in balance thermally as ¥ 
geometrically; and calibration not affected by 4 
overheat conditions. These devices are marketed ¥) 
company under the name of Cam-Stat, and are tu 
with operating differentials running down to % © 

degree Fahr. The model illustrated is 4 C the 
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ee ut of the welter of war 
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, OOM MOLDED PLASTICS 
La cy 

controls 

ve [7EIN THE plastics industry have learned alot from _ stronger sales appeal and greater customer satisfaction. 


this war. We’ve had to. The constant demands for Today, of course, war needs still come first. But, in 
etter equipment . . . stronger . . . more precisely built the meantime, you'll find it good business to learn 
..and faster .. . have resulted in amazing improve- about the postwar possibilities of molded plastics. Why 
ents all along the line. New materials ... new  notcallina CMPC Development Engineer . . . today? 


hethods .. . new techniques. With the result that we ay ea 
Peoras today things that were only ahope ppp Our new book, “The Story of Plastic Molding,” is 
short time ago. packed with valuable information . . . fully illustrated with 


We, at CMPC, have had our hand in these develop- photos, charts, and diagrams . . . facts and figures you should 
nents... many of them are exclusively ours. We’ve have. Write for your FREE copy today. 
tamed the new techniques, and become thoroughly 


amiliar with the behavior of the new materials. We’ve 


stalled thousands of dollars worth of new equipment C i I CAG ©] 
: --and are constantly adding more. 
i And all this is on top of more than two decades of AY, | @) B D cz D 


peacetime experience in plastics. 


able t0 This can mean a great deal to your peacetime prod- PRODUCTS 


to 0.008 You’ll be able to do more things with plastics 
y as Wie a ever before .. . and do them better . . . providing 


4 1028 N. Kolmar Ave. i] Chicago 51, Illinois 
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weighing less than one ounce and rated at 10 amp 115 v or 
28 v, alternating current. Other models can be supplied 
to suit specific thermal control problems. 


Synthetic Rubber Hose 


OFFERING INCREASED resistance to heat and pres- 
sure, a new synthetic rubber hose, introduced by United 
States Rubber Co., Rockefeller Center, New York, is de- 
signed to withstand temperatures up to 250 F in oil lines 
and up to 300 F for installation in cooling systems. Re- 
sistance to pressure in hose one inch in diameter is 
double that of hose formerly used. Strength is increased 
proportionately in other sizes, ranging from one-quarter 
inch to two and one-half inches in diameter. A principal 
feature of construction is a new high-strength carcass built 
with a chemically-treated cotton yarn, and a special heat- 
resistant synthetic rubber. 


Revolutionary Ball Bushing 


PERMITTING UNLIMITED travel of reciprocating 
mechanical members that may be either round or square, 
or variations of these shapes, a new ball bushing has been 
developed by the Thriftmaster Division of Thomason In- 
dustries Inc., 29-05 Review Ave., Long Island City, N. Y. 
Advantages gained by using ball bearings for. rotating 
parts can now be obtained on sliding members. Basically, 
the bushing contains within it a series of ball circuits; one 
side carrying the bearing load, and the other returning 





the balls in a clearance provided in the outer race mem- 
ber of the bushing. The continuous bearing prevents 
cocking or binding on the shaft because the bearing balls 
remain centered under load. Rolling contact, plus sealed- 
in lubrication enables a long life of antifriction precision 
alignment. System of ball circuits can be changed for 
varying load capacities and shapes of bearing members, 
making it possible to. have a bearing of considerable 
length or of a square, hexagon or octagonal section. 


Solenoid-Controlled Valve 


INTRODUCED BY Numatics, Milford, Mich., a valve 
with a fluid lever represents a new engineering adaptation 
of a well-known principle. The design utilizes compressed 
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air to boost the solenoid action, giving high-speed , 
of any single or double-acting air cylinder up 4 
pipe capacity. This makes possible the use gf, 
small solenoid, drawing only 3.6 amp at 110 yoly 
models regardless of valve size. The higher py 
efficiency, it is claimed, comes from diverting to 
ing advantage a portion of the air that passes: 
the valve, controlling the ratio of air balanegy 



































the -remaining effort can easily be handled by@ 
solenoid. The new valve is also suitable for 
sure control. A 4-way model can be readily of 
for 3-way use by plugging one port. Straight 
flow minimizes pressure drop, simplifying installa 































Electrodes for High-Tensile Steels 


























ARC-WELDING electrodes for welding low-alloy, ii 
tensile steels have been announced by the Electric W 
ing Division of the General Electric Co. Known as] 
W-56, the electrodes operate on either alternating or di 
current, reverse polarity, and the range of current is 
ficiently broad to cover a wide range of plate thick 
A medium-long arc is recommended for best results. 
trodes can be used in flat, vertical, and overhead 9 
tions. Available in sizes %, 5/32 and 3/16-in. ind 
eter, the electrodes meet requirements of AWS 

E7010/E7011, and comply with the Navy Bureau of 

specifications 46E2. 


Rust Preventive Coating 





DEVELOPED BY Witco Chemical Co., 295 Ma 
avenue, New York 17, a new rust preventive coating 
protection of metal parts and equipment during ys 
shipment and in some cases in service is known * 

No. 678 rust inhibitor. It is a cold-dip, rapid-drying r 
ing that may be applied either by dipping or spmy™ 
its viscosity is comparable to that of water. \0nNl 
to Ordnance Specifications AXS-673, Rev. 1, Am@éis 
the coating is nonabrasive, noncorrosive and eas 

moved with ordinary solvents. An outstanding fe _ 
the coating is its high melting point—in excess of 208 
grees Fahr.—and its ability to remain flexible at ft 
tures of 20 degrees below zero. , 
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A 36° COLLAR 
FOR 
AN IRON NECK 


& 


Vim Leather "“U” Packing holds 
6000 Ibs. pressure in this 
Baldwin-Southwark Press 


Mighty presses need mighty packings to hold 
the pressure and assure proper seal. This press 
uses a VIM Leather “U” Packing 36” in diameter, 
filled with flax, as shown in sketch at left. It's 
doing fine work for its user. 


VIM Leather Packings, regardless of type ("V,” 
“U,”" Cup or Flange) do a fine job for press manu- 
facturers. They are the choice of most hydraulic 
machine builders, because they last longer and 
they‘re designed right. 


Houghton hydraulic engineers will help you on 
application and design, if you'll put your prob- 
lem up to them. Write for the abbreviated VIM 
packing catalog for your file. 





Cross section of packing design E. F. HOUGHTON & CO 
e Be x 


on Baldwin-Southwark press, 


howing VIM | “U” Pack- 
ete ihe  lailiagy 303 W. Lehigh Ave., Philadelphia 33, Pa. 


orn a VIM Ve Robins 
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Noteworthy Patents 


Adjusts Cam During Operation tain more constant speed of a controlled prime y 
than has been possible heretofore. Covered by yy 


2,371,793, it was recently assigned to General \y 
Corp. 

Sudden increase in prime mover speed throws th 
weights outward, raising a pilot valve and unecop 
ports in the valve sleeve to permit flow from beh 
power piston, across the unit, to a sump line. Wi 
duced holding pressure below it, the power pish 
forced downward by its spring, moving the actuatj 
ton down with it. The reduced pressure thus gh 
in the chambers above the actuating and receiving} 
is less than sump (atmospheric) pressure. Therefg 
receiving piston rises, as does the attached valve 
When the. upward movement of the receiving pig 

TTA stopped by contact of the two flanged sleeves at if§ 

A Mat AZ al Yim, | the relief valve opens, equalizing the pressure aboy 
avy 2374) Wis ) esti below the receiving piston and permitting ‘its sprin 
y Vi 2 AY! HL return it and the valve sleeve to the position shown| 
Q ri mal). Simultaneously the pilot valve is moved down 
MEO 0s si by the inward movements of the flyweights owing to 

Samia N reducing speed of the prime mover. 

Continued reduction of speed moves the pilot 
down to a point where the ports that permit flow ff 
the constant-pressure pump inlet to the power piston 
open. Consequently the power and actuating pit 
dea ld nm LL AS Con move upward, increasing the pressure in the chami 
above the actuating and receiving pistons. This p 


COUPLING which transmits rotative power and per- 
mits a radial adjustment of an outer cam sleeve for 
timing purposes is covered by patent 2,372,180 recently 
assigned to The Timken Roller Bearing Co. Designed 
primarily for hydraulic control of the cam sleeve setting, 
the device is particularly suited to driving and timing such 
mechanisms as fuel injection pumps for compression ig- 
nition engines. 
Designed to rotate freely within a piston actuator, 
the piston rod coupling member, in the accompanying 
illustration is keyed to and driven by an externally pow- 
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Hydraulic pressure operating the piston of this device 
effects an angular advance or return of the multiple cam 









ered drive shaft. Helical splines on the coupling mem- 
ber fit within mating helical splines on the sleeve, the 
outer face of which in the coupling shown is a multiple- 
lobe cam. 

Timing of the cam action is accomplished by application 
of hydraulic pressure to the piston actuator. Axial move- 
ment of the coupling member thus created imparts an 
angular advance in the position of the cam lobes relative 
to the drive shaft. Retarding or advancing the timing of 
fuel injection in the device illustrated is accomplished au- 
tomatically by utilizing the varying pressure of the fuel 























































































supply pump to control the hydraulic piston. WN WW SS i SS 
The design may be altered to serve a great variety NIT RGN IN A aS 
of requirements by merely substituting the proper cam and ae N — [ite —_ is 
return springs. Manual adjustments are provided for by N rm DN al TEN 
the adjusting screw abutting the end of the actuator S; A Wz IN 1 N 
piston. bi Ae YW Na N 
ctuotin ye j Wp 

Piston : rales ih ae 

| : 





aS) 


—=—Lever controlling fuel 
supply of prime fnover 


Governor Insures Smoother Control 






ITH what amounts to an adjustable hydraulic link- 
age between flyweights and throttle control, the py: Hydraulic operation controlled by conventional 
ernor in the accompanying illustrztion is designed to main- weights obviates hunting characteristics in this # 
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ld drawn and bright finished, accurate to size, with qualities and properties that 
ve you money in the machining and manufacture of parts and products. Our 
ctallurgical engineers will be glad to discuss your production problems with you. 


ONES & LAUGHLIN STEEL CORPORATION pittssuRGH 30, PENNSYLVANIA 
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sure forces the receiving piston and pilot valve sleeve be- 
low normal position until flow from the constant-pressure 
pump is blocked, stopping further upward: movement of 
the power piston. Since the final upward movement of 
the power piston feeds more fuel to the prime mover, a 
speed-up occurs, urging the flyweights outward, resulting 
in gradual upward movement of the pilot valve. The 
- valve sleeve also moves upward so that the flow from the 
constant-pressure pump Continues to be blocked and thus 
no further movement of the power piston takes place. A 
similar cycle of valving takes place when the prime mover 
is subject to sudden or gradual reductions in speed. 





Automatically Times Washing Cycle 


N IMPROVED timing control for a sequence of op- 

erations providing an adjustable duration for one 
sequence is covered by patent 2,374,590 recently assigned 
to the General Electric Co. Such a sequence control is 
particularly adapted to timing the operational cycles of au- 
tomatic washing machines wherein it is highly desirable 
to have a washing cycle of variable duration independent 
of the other fixed operations. 

Referring to the accompanying illustration, the indicating 
dial shown on the left is set to the position marked “start” 
for operation. This moves a cam into proper position to 
release a switch actuating ball and open a starting switch. 
Operations are then carried out in sequence at a time de- 
termined by the timing motor speed, design of the cam sur- 
faces and positions of the balls on the cam. When the 






Adjusting Handle 


Did! 


Switches 




















Unique friction drive on sequence timing mechanism 
allows resetting or changing during operation 


washing or other adjustable-length operation is reached, 
the cam is stopped by a double pawl and this action si- 
multaneously releases and starts rotation of a pair of in- 
terval timing disks. The interval of dwell thus produced 
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in the rotation of the cam is governed by the Setting 
adjustable handle. A cam projection on the inner g 
two timing disks engages and lifts the double pawl 
lease the cam, stop the timing disks and continue the 
tomatic sequence of operations to conclusion. 

The adjustable handle of the interval timing disk; 
arranged that the inner timing disk can be moved ing 
direction at any time. Likewise the indicating anj 
ting dial can be changed to start any one of the yy 
operations in the sequence at any time during the 
This is made possible through the design of the 
gear which floats freely on the main shaft driving bot, 
cam and the interval timing disks by means of a pair / 
friction clutch rings. A spring and thrust ring at the, 
of the shaft maintain adequate driving engagement 
tween the clutches and the gear. 













































Spindle Has Internal Feed Screw 





a 
ARTICULARLY adaptable to boring heads, an SII 
proved type of machine power spindle is shown in 
accompanying illustration and is covered by patent 2; I 
292 recently assigned to R. G. LeTourneau Inc. Pow : 
to operate boring tools and cutters, this spindle can 
fed into the work, held or retracted as required. he 



















Drive Gear 
|=~ ie 

























The internal feed screw for this spindle is independ 
driven and provides a compact, well sealed assembly 


The tubular quill or spindle is keyed to and driven 
a heavy-duty bearing sleeve through a. drive geal 
tached-to the sleeve flange. Actuation of the spindle 
and out is accomplished by means of a lead screw 0pé 
ing through a lead nut attached to the end of the spit 
with a ball bearing. A channel-shaped slide engage 
extension of the nut to prevent rotation. An indepent 
feed gear train powers the feed screw to provide conti 
axial advance into the work and subsequent retractOhgi 

Assembly of the unit is such that the entire mechl® 
is sealed to retain lubricant and exclude foreign ™™ 
To assure maximum axial advance of the spin¢ J 
keep the keyway as clean as possible, the driving 
is located at the face of the bearing sleeve in a2 
accessible position. 
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NEW TYPE. 


OIL SEAL 


simplifies design 
problems ... reduces 
bearing maintenance 
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- new J-M “Clipper Seal” offers distinct ad- 
vantages both from the standpoint of machine 
design and protection to bearings in service. 


Its one-piece precision-made body, concen- 
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One-Piece Precision 
Molded Body— 

tough, long-wearing and 
highly resistant to grease 
and oil. Entirely non-metal- 
lic—can’t score. 


Rigid Heel— 


made of a dense resin-bond- 
ed fabric to insure a press 
fit in the packing recess. 


Flexible Lip— 

an integral part of the seal. 
Makes possible accurate 
control of pressure against 
shaft by means of self-ad- 
justing garter spring. 


Large Bearing Area— 
reduces wear on shaft to a 
minimum. 


Self-Adjusting 

Garter Spring— 
permits accurate control of 
pressures and provides a 
positive contact with shaft 
at all times. Special spring 
stock is available for ex- 
treme corrosive conditions. 


eeoeoeoeewoeeweoewee wee eee eeeeeeeeme eee eee em—mUOOUCOUCUCUCOCUCUC OCU MCU HU HOUh HU HULU Hh 


trically molded and non-metallic in construc- 
tion, permits liberal machining tolerances. Its 
simple, compact shape makes possible a light 
flange section that effects compactness of ma- 
chine design. 


In service, these features of the J-M Clipper 
Seal provide a positive lubricant-retaining, dirt- 
excluding seal . . . automatic in its operation 
... adaptable to a wide range of conditions... 
and highly resistant to most forms of corrosion. 


Johns-Manville Clipper Seals are made in sizes 
for shafts from 1 5/16" to 37'' diameter, in 
both endless and split types. Special designs 
are available where unusual temperature, 
pressure or chemical conditions require. For 
further details, write Johns-Manville, gry 
22 East 40th Street, New York 16, q VI 
New York. oUee 
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Frank C. Norris Lonnis Denison 


Ronald B. Smith 


& 
34 e 


ME, of inachines 


F RANK C. NORRIS, formerly direc- 

tor of production, has recently been 

made vice president in charge of engi- 

neering and manufacturing for the , 
Denison Engineering Co. Associated with the Denison organization since burgh. After graduate work in elt 
its inception, Mr. Norris started as a lathe operator for the Cook Motor engineering at the University of Fé 
Co., later purchased by the Denison company. He advanced as the com- vania, and in mathematics, physi 
pany grew, successively serving as service representative, plant superin- applied mechanics at the Univers 
tendent, general superintendent and assistant general manager. He held Michigan, he was selected for 
the position of vice president and general manager of the Budd-Ranney training by Westinghouse Elect b 
Engineering Co., when that company became a totally-owned subsidiary from whose mechanical design sai 
of the Denison Engineering Co. is also a graduate. Mr. Smith thet} 
the Elliott Co., where as director 
search and development he wast 
sible for the design and construcia® 
the first gas turbine power unit mm 
the United States for marine appi@™ir 
He also is credited with the a 
ment of the Elliott-Buchi turbom 
now used on four-cycle diesel ng 
The research activities of the - 
FRONALD B. SMITH, who since 1937 has been associated with the which Mr. Smith has directed $ 
Elliott Co., has recently been elected vice president in charge of engi- election as vice president in chit 
neering of the company. Mr. Smith received his degree of Bachelor of engineering, included wartime oi 
Science from the University of Washington in 1930, and three years ing problems with approximately : 
later his Masters degree in engineering from the same university. In technical engineers. Mr. Smith &# 
1936 he was awarded the degree of science by the University of Pitts- author and author of a number &* 


Lonnis DENISON, previously assistant general manager, has been 
made vice president and assistant general manager of Denison. He has 
been active in the company’s management since 1942. having first served 
as assistant production manager, then as manager of the company’s re- 
search laboratory and later as acting director of engineering and member 
of the management committee. 


0 98¢ 


Of 


174 MacHINE Desicn—Septemb 










ore STEEL CASTING METHODS 
ey MACHINING FACILITIES 


These 28"' ball-and-socket joints for a pontoon dredge line very aptly illustrate 






two vital aspects of PSF production: the inherent soundness and uniform 
structure of PSF steel castings; and the close-tolerance machining and expert 
assembly work that are a strong part of the service we’re equipped to render. 
PSF’s advanced foundry techniques and laboratory controls, amplified by 
complete and highly modern finishing facilities, constitute a background 
for true quality work—steel castings that will meet the most exacting con- 
ditions your jobs may impose. ®@ Let us figure on your casting requirements. 
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O F STE@EtL CASTING KNOWLEDGE 


~ pry , / 


STEEL FOUNDRY CORPORATION 


GLASSPORT, PA. Pittsburgh Spring and Steel Division, Pittsburgh, Pa. 
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nical papers, and is a member of the American Society of 
Mechanical Engineers. He has served on this society's 
Power Test Codes Committee, Coordinating Committee 
on Gas Turbines, and the Committee on Industrial In- 
struments and Regulators. As a member of the Society of 
Automotive Engineers, he has served on the Aircraft En- 
gineer Engineering Activity Committee. 


+ 


L. R. Burr has succeeded H. W. Wuirmore as chief 
engineer of Kold-Hold Mfg. Co., Lansing, Mich. 


° 


JAMEs DE Kiep, who previously had been manager, alter- 
nating-current motor engineering department, Westing- 
house Electric Corp., recently became chief engineer in 
charge of electrical and mechanical design and develop- 
ment, Electric Machinery Mfg. Co., Minneapolis. 


° 


Dr. J. T. RETTALIATA, manager of research and gas tur- 
bine development for Allis-Chalmers Mfg. Co., has re- 
cently been named chairman of the mechanical engineering 
department at Illinois Institute of Technology. 


° 


H. E. Sra, bus engineer, has joined the staff of Ken- 
worth Motor Truck Corp.; Seattle, to take charge of bus 
engineering and production. Mr. Simi was chief engineer, 
Twin Coach Co., Kent, O., for sixteen years, and for the 
past two years has been with the Timken-Detroit Axle 
Co., Detroit. 

. 


RayMonp A. Coxe, an authority on precision grinding 
machinery, has been elected vice president of Pope Ma- 
chinery Corp., Haverhill, Mass. He previously was experi- 
mental engineer in charge of grinding machine research and 
development, grinding machine division, Norton Co., 


Worcester, Mass. 
° 


EsTERLY CHAsE Pace, well known in radio engineering 
and until recently a Lieutenant Colonel in the U. S. Army 
Signal Corps, has joined the Mutual Network in the newly 
created post of engineering director. 


° 


F. J. VAN PoppE.en of Fairfield, Conn., has been ap- 
pointed vice president of Salem Engineering Co. During 
the past eleven years Mr. Van Poppelen has filled various 
executive positions at Remington Arms Co., the last several 
years of which he served as chief engineer of its military 
division. 

¢ 


F. J. Wats of International Nickel Co., Detroit, has 
been elected president of the American Foundrymen’s 
Association, while S. V. Woop of Minneapolis Electric Stee] 
Castings Co., Minneapolis, was named vice president. 


¢ 


Dr. SANForD A. Moss, consulting engineer with General 
Electric Co., Lynn,.Mass. River Works, has been awarded 
the Holley Medal for 1945 by the American Society of 
Mechanical Engineers. Dr. Moss, a pioneer in aircraft 
superchargers and the famous turbosuperchargers largely 
responsible for increased range, speed, and altitude of 
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modern aircraft, received his citation for his “map 
butions over a long period of years to the devel 
centrifugal compressors, particularly as relate 
highly successful application of turbo-superchagg 
ternal combustion engines in the field of aerop 


¢ 


Joun G. Woon has been appointed chief enging 
Chevrolet Motor Division of General Motors ¢ 
warp H. KELLEY is the new assistant chief engj 


They Say-- 


“In the explosion of the atomic bomb on Japan 
evidence that atomic energy in tremendous quantif 
be released and controlled at least to the extent ofg 
the release to occur at a desired time . . . It isp 
that as the development is carried along, we will fing 
and means of controlling and using this form of¢ 
as a source of heat for direct use, and perhaps forg 
purposes. In addition to the many technical py 
which must be solved before such an application} 
be at all feasible, there is also the question as t0# 
such peacetime use will be practical from the égi 
standpoint.”—Charles E. Wilson ¥ 


° ‘ 

“Instead of trying to aid industrial research 0 
the society which has created it, it seems inheren ly 
for many people to do their utmost to obstruct 
Thomas Midgley Jr. ; 


° 


“There can never be too much fundamental 
which should be a major activity in our universiil 
aside from its laying the foundation for new tee 
and new industries, it supplies the only adequate 
training for research men for all the fields where 
needed.”—Dr. Irving Langmuir 4 


« 


“If necessity is the mother of invention, intuitif 
father. Education stressing basic principles and m 
rized formulas would permit a fresher approach: 
lems and would thereby facilitate invention. ™@ 
Dunlap Smith - 


° 


“I am profoundly convinced—and I believe many® 
business associates agree—that technological progres ATA 
an honest day’s work, are the only way in which w 
achieve a vigorous economy and full employment. 

C. Ingersoll 


e 


“It will be for our scientists and engineers to give® 
technical equipment, embodying the best scientific a 
ments, which will enable our great nation, in co-op 
with the other peace-loving nations, to cay 
mission . . . . The inventive genius of scientists} 
gineers, having helped to free the world from # 
will be called upon to help create a world 1 
want . . ."—Edward R. Stettinius Jr. ‘ 
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ng Molybdenum cast iron 
brake drums have proved 
themselves in exacting 
wartime service. 
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Electric Control Provides 
Accurate Response 


(Continued from Page 134) 
handwheel on the gunner’s manipulation of the latter. 

The flange spur gear (Fig. 3) is attached to the shaft 
of a bevel pinion which drives the lower disk of the dif- 
ferential. The upper differential disk is driven in a direc- 
tion opposite that of the lower disk by a 20 to 1 worm gear 
reduction from the horizontal power worm coaxial with 
the handwheel axis. A differential spider supporting three 
equally spaced rollers is positioned between the two disks 
by being centered on the tapered portion of a vertical 
shaft in the differential assembly. The worm gear driving 
the upper disk is floated on the upper large diameter por- 
tion of the vertical differential shaft, while the lower disk 
and its bevel drive gear are floated on its small diameter 
lower end. The single vertical shaft of the differential is 
driven by the roller spider through frictional engagement 
between the tapered bore of the spider and the matching 
taper on the shaft. The lower small diameter end of the 
differential output shaft projects through a double oil 
seal into the space that houses the control Silverstats and 
anti-hunting gyroscope. The means for moving the gyro 
and for deflecting the control Silverstats are attached to 
this projecting lower end of the differential shaft. 


How the Control Functions 


Sezuence of operations in the functioning of the differ- 
ential and the follow-up mechanism is as follows. Rota- 
tion of the control handwheel by the gunner causes the 
lower disk of the differential to be turned through a pro- 
portional but reduced angle, as determined by the spur and 
bevel gear reduction ratios. Rotation of the lower disk in 
turn causes the contacting differential rollers to roll upon 
the initially stationary upper disk, thus giving an angular 
displacement to the roller spider equal to half the displace- 
ment of the lower disk. The spider drives the vertical 
shaft of the differential through the tapered clutch and 
causes a deflection of the gyro and of the Silverstat. The 
resulting excitation of the generator field yields an output 
armature voltage which is applied to the traverse motor 
and causes it to drive the turret. 

The horizontal 20 to 1 worm of the turret drive also 
simultaneously drives the differential worm gear which 
rotates the upper differential disk in the opposite direction 
from the initial rotation of the lower disk. This causes 
the differential rollers to roll back to their starting position, 
and when this has been reached, the Silverstat deflection 
is again at neutral and the drive motor. and turret come to 
a stop. Thus the turret is positionally tied to the control 
handwheel by the differential and rotates in synchronism 
with the handwheel as if it were in effect geared to it. 
Attempts to drive the handwheel faster than the drive 
motor can follow, or to rotate the handwheel with the con- 
trol de-energized, will result merely in. slippage at the 
spider tapered clutch. This friction clutch is necessary to 
protect the control shaft from being driven beyond its stops 
and to prevent sliding of the differential disks and rollers 
under these extreme conditions of lack of synchronism. 

Function of the Silverstat in the control system is shown 
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in the wiring diagram of Fig. 5. Fig. 3 shows the rely 
of the Silverstat to the other components of the drive. 7 
Silverstat assembly consists of two 19-leaf stacks of 
posite hand clamped in a single mounting plate, The 
sulated actuating pushers are attached to and guided 
flat bronze springs clamped together with the gp, 
stack. A flat metal spacer attached to the gyro m 
frame is interposed between the actuating buttons 
converts the differential shaft and gyro deflection to a, 
portional deflection at the Silverstat leaves. The 
stat resistors are mounted on the reverse side of they 
ing plate and project upward into the housing arougd 
gyro motor. 4 
Function of the anti-hunting gyro is to impart ag 
rior stability to the positional control without the m 
sity for a compromising reduction in sensitivity ang 
curacy of regulation. More precisely, the gyro makes; 
sible a higher positional stiffness in the control without 
curring instability in the form of sustained oscillations 


































Mechanical and Electrical Stiffness Compared ” 


The concept of “stiffness” in a position regulator 
principle analogous to the stiffness of a spring or the 
sional stiffness of a shaft in a purely mechanical syst 
In this case the torques urging the turret into synchroni 
with the control handwheel are proportional to the t 
of the handwheel relative to the turret, just as the da 
torque of a shaft is proportional to the angle of twist 
tween its ends. And just as in a mechanical system 
stiffer a shaft is the more accurately does one end fe 
the other in spite of friction and load, so in this eleoger\; 
drive does high regulator stiffness connote ability to ef \ 
synchronism between control handwheel and turret ¥ 
a correspondingly small angle of lag. However, in 
case of the electrically derived torques of the turret di 
the “spring” restoring torques forcing the turret to m 
into coincidence with the handwheel motion differ i 
a pure mechanical spring in one all-important resp 
They are delayed by the inductance of the generator! 
and armature, which prevents an instantaneous change 
current in the circuits upon a change in the Silverstat 
sistance due to rotation of the differential shaft. Thee Hg 
of these time lags in the development of corrective ton 
is to reduce the system stability by causing the dela A 


of 


positioning torque to have a component in phase with Pe 
velocity of free oscillation of the system and thus tosif gy 
the energy for maintenance of the oscillation. 

Time lags in the synchronizing torques of the ta bu 
drive can be compensated for, however, by making 
control respond to the time rate of change of error" 


as to the displacement error itself between the © 
handwheel motion and the turret motion. Such ave gp 
response has the effect of advancing the phase of the! : 
rective torque to make up for the angular phase lag Ge 
to time delays in the control. In the case at 
function of the anti-hunting gyro is to produce #® 
pensatory deflection of the Silverstat proportional 1 
angular velocity of the differential output shaft, thi 
flection to be superposed on (i.e., algebraically ad 
the Silverstat deflection due to angular displacem 
the differential shaft. pS 
Referring to Fig. 3, the gyro assembly of driving 
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in THE TRAFICOUNTER 


The Streeter-Amet Traficounter tabs 900 or more overlapping 
cars per minute at split second contact. As car wheels hit a 
pneumatic tube stretched across traffic lanes the compression 
closes an electrical contact on a diaphragm, operating a Guard- 
ian relay. The relay responds to every impulse but the Trafi- 
counter registers only every other impulse to compensate for 
rear wheel contact. 











The Streeter-Amet Traficounter 


y to ell 
urret W 
er; in 
rret dn 
t to me 







iffer es. 
it respe . = 
rator f “; 
change  — 
verstat : 
Thee How K BY GUARDIAN Count 900 or More 
ve tord i 

J / 
eo A grueling job . . . faithfully responding to 1800 or more impulses per 
’ é minute, hour after hour in rain, heat, and cold the year ‘round. For this job 
+w Streeter-A met engineers use Guardian's 6 volt d-c relay, Series 125. 
‘e trav Here is an example of an application that ordinarily calls for a specially 
aking built relay. Yet Streeter-Amet finds Guardian's standard relays good enough, 
as dependable enough, and fast enough to do their special job. They save 
he oil money by buying a standard unit. They get quicker delivery. And they have oi 

a the comforting knowledge that replacements parts are immediately avail- i. 
7 ; te able if and when needed. Series 125 d.c. relay 
of the 
se lag If your application appears to be a “special” it may pay you to look over 
hand Guardian's standard relays first. And write us. Guardian engineers will Also—iron clad and lamina- 

m@  ‘ecommend the relay most suitable for your application. If a “special” is ted solenoids, stepping 

ce a really needed they’! we . relays, magnetic contactors, 
nal to ed they'll help you design it economically. electric counters, snap and 

this blade switches. 
ft, 
added 
- GUARDIAN\(G ELECTRIC 

: ! 
ving 1601-K W. WALNUT STREET CHICAGO 12, ILLINOIS 
A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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WHEN DEPENDABLE MACHINES 
€ PROCESSING EQUIPMENT 
NEED PUMPS 


Be sure theyhe 
~~ 


DEPENDABLE 
PUMPS 


Write for Bulletin No. 306, 
Facts about Rotary Pumps, and Bulletin No. 302, 
Pump Engineering Data, which explains why 


BLACKMER ROTARIES 


are SELF-ADJUSTING FOR WEAR 





SUSTAINED 
CAPACITY 


20 years of service 
is not unusual for a 
Blackmer pump. 





BUCKET 
DESIGN 


(Swinging vane 
principle) 
When the “buckets” 
finally wear out, a 
20-minute replace- 
ment job _ restores 
the pump to normal 

capacity. 


BLACKMER PUMP COMPANY 


1970 Century Avenue Grand Rapids 9, Michigan 
POWER PUMPS e HAND PUMPS e STRAINERS 
Capacities to 750 GPM Pressures to 500 psi 





BLACKMER 
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and flywheel is mounted in a forked bracket which 
floated on ball bearings on the lower end of the diffe 
tial output shaft. Pivot pins in the ends’ of the hak 
fork fit into ball bearings in the motor frame to form 
horizontal precession axis for the gyro. Precession of ¢h 
gyro about this axis is restrained by a pair of opposed ¢ 
tering springs hooked over an anchor piece Projecting fy | 
the main fork and adjustable as to length and tension } Fl 
means of the attaching screws on plates extending from ty 
gyro frame. A metal spacer projecting below the gyro fran 

fits between the two insulated deflecting push rods of 4 
Silverstat and moves them as the spacer is moved later 

by the motion of the gyro frame. . This actuating spacer 
mounted in the plane of the intersecting axes of the p 
cession pivots and of the vertical differential shaft, } 
contacts the Silverstat push rods at a point off-center fy 
the vertical differential shaft axis. Hence the spacer ¢ 
the contacting Silverstat push rods are given a deflect 
due to both the rotation of the vertical differential shee 
and to the precession of the gyro about the horizontal pile” 
axis. The component deflections are combined at ie 
spacer into a resultant deflection equal to the vector san 
of the components, which in this case is also equal to thay 
algebraic sum. 



























Gyro Responds to Error Velocity 


In performing its anti-hunting function the gyro 
sponds to the angular error velocity between control har 
wheel and follower turret. When the control handwhe 
is stationary the gyro responds of course only to the tu 
angular velocity and may be said then to anticipate i 
pending changes in the angular displacement of the 
only. At the start of a control motion, when the turret 
stationary and the control handwheel just begins to tun 
the gyro responds to the input control motion to give 
anticipatory change in the Silverstat deflection and thus 
produce a momentary surge of torque from the tu 
drive motor that is helpful in breaking away the tum 
against its static friction. The angular error between ti 
handwheel and turret required to initiate motion of tiff ever 
latter is thus appreciably reduced. oved 

A high-accuracy positional control such as is deseribelfant in 

ere is capable of instability in the form of self-excit b bie 
hunting if necessary measures are not taken for its av0Hh. + 
ance through proper regulator design. The correct pm a. 
portioning of the various control elements, such as 
various gear ratios, the allowable Silverstat deflection | 
a given handwheel rotation and the design constants 10 GP. 
the gyroscope, rust all be based on stability criteria J...) y 
rived from the equation of motion of the system. ¢ Br 


Performance of the turret drive verified the beha "Dt the “ 
predicted by analysis. The turret followed the comm 
smoothly with rapid decay of transient oscillations. 
high regulator stiffness limited the angle of lag betwe 
the handwheel and turret to three-tenths of a degree # 
turret load equal to the rated load of the motor. This ag) 
angle was so negligibly small for the usual case of ste 
tracking with no acceleration or gravity unbalance # 
that the turret seemed to be rigidly geared to the cm 
handwheel. A force of one pound on the handle off | 
control handwheel was sufficient to move 4 
armored turret weighing twelve thousand pounds. 
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\e. ture 
veen U 
a of tf every shop where Briggs Coolant Filters have been installed, they have 

oved that effective coolant filtration pays dividends . . . the dividends you 
escribagant in your shop. 


exc ia 
“™ fo wonder Briggs Filters do a better job—they are designed especially for 


ts avo, 
ration of coolants! The unique Z-fold refill is capable of removing even 


ect p : 
as te smallest particle of grit. 


ction fapriggs Coolant Filters are available for capacities ranging from 3 GPM to 
tants am GPM—for installation on unit machines or in central systems. 
teria OF. 5 - i ~ 
te why and how Briggs Coolant Filters do a better job of coolant filtration. 
Ph Briggs distributor nearest you can tell you. Look him up—he’s listed 
the “Filters” section of your classified telephone directory, or write direct to: BEFORE and AFTER 
1S At left is shown dirt deposit on 
! filter paper before filtration—at 
right, note absence of dirt after 


see : coolant passed through a Briggs 
gree at Coolant Filter. 


This at 


ee. 
pieys = 
ot BRIGGS CLARIFIER CO. General Offices, Washington 7, D.C. 


e of PIONEERS IN MODERN 
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TOUGH MOTOR PROBLEM- 


@LOOK AT THESE . . . LICKED BY STAR! 


Your toughest motor problem may be something 
Star has been up against before. Star engineers 
have met, and mastered, plenty of “stumpers” — 
applying the top-flight resourcefulness and in- 
genuity that distinguishes their approach to any 
problem. Here are two in the “can’t be done” class 
that Star engineers took in stride... 


A SUBMERSIBLE PUMP that 
has helped save many a 
Navy Ship required a 
motor — compact in the 
extreme ... powerful 
beyond its size . . . effi- 
cient and reliable in un- 
derwater operation. Star 
engineers designed it. 
And, not one failure in 
service has been 
reported ! 





A PRINTING PLANT MACHINE 
was developed to per- 
form “miracles” of pro- 
duction. But its success 
depended on split-second 
stopping and starting, 
everytime. Star engineers 
applied a Star Brake- 
motor to the machine, 
and the “miracles” be- 
came realities! 


The variety, of application problems which have 
been met by Star engineers covers almost every 
type of product that employs motor power of 1% 
HP or more. Talk over your requirements with 
these resourceful specialists. Star Electric Motor 
Co., 200 Bloomfield Avenue, Bloomfield, N. J. 


STAR MOTORS 





POWER PACKAGED AS YOU NEED IT 


















Transition Briefs 


A RECENT STATEMENT, Alfred P. Sloan Jr,¢ P 
man of General Motors said, “It is most importa 

recognize that the prospective upward trend of }y a 
activity will be largely synthetic in origin. It will pit 
based upon an economic balance between production dl 
consumption. It will be the result of a backlog of pote 
demand supported by a backlog of purchasing power, 
accept it as the pattern of the economy for the |p 
term position ahead would be unsound. To plan any 
ness enterprise,upon such an assumption would be 
from realistic.” 


































AUTOMOTIVE ENGINEERS are converting to rim 
ties the desires of wounded veterans to drive autom 
again. Prosthetic devices and simple mechanical aids 
enable even amputees to operate cars and light trucksg 
fully and safely. This engineering project with its hy 
itarian undertones is being carried on by the War 
neering Board of the SAE. ‘ 




























MANUFACTURERS in the middle west will be offe < 
by the Midwest Research Institute of Kansas City, a 
plete working drawings on more than 45,000 pate 
seized from enemy countries. The Institute also will « 
duct research on private projects for manufacturers as¥ 
as research of its own to develop resources of the reg 
Establishment of a laboratory on such a wide scope) 
vides facilities to the small manufacturer and business 
whose firm cannot afford to conduct its own research 
must keep abreast of the keen competition to come. 





SPEEDY CONVERSION from war to peace is i 
facilitated by 114 contract termination teams for 
settlement of 10,000 contracts for Air Force equipmé 
The Air Force is determined that it shall not impede 
dustry in returning to the production of refrigerit 
radios, automobiles and other mechanical appliances! 
signed for better peacetime living. 


RECENTLY DEVELOPED high-temperature and hi 
stress resisting alloys which are playing a vital part™ 
propulsion and gas-turbine engines may have many J 
war applications not necessarily confined to aviation. 
meet the requirements for turbine buckets in jet pin 
sion motors, alloys have been developed to wilt 
stresses of 15,000 psi at temperatures up to 1500 F. 
must be corrosion resistant, creep resistant, capable of 
ing processed into desired shapes and able to var 
severe operating conditions. In peacetime app os 
the cost of these materials is important but it is reas® 
to believe that costs will become considerably lowet 
at present.. As they are reduced, broader applications 
be economical, allowing utilization of higher tempe™ 
in internal combustion engines, steam equipment, etc. 
sulting in improved performance. 
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... we could end 
our message here! 


To men who know motors, a picture like this is worth the pro- 


‘a 7 verbial ten thousand words. It speaks with convincing eloquence of 
; for ra ‘ : ‘ ; ‘ : 
equipm craftsmanship to which any motor builder could point with pride. 
~— ** If you visit Star’s modern plant, you'll see scores of examples 
frigentl PRED 
liances | of the same painstaking craftsmanship that pays off in outstanding 


performance for Star customers. 


Star not only builds motors well, but also takes leadership in 


> and hi * design. Star pioneered ball bearing motors . . . led in welded steel 
val a | a construction . . . developed the famed Star Built-in Magnetic Disc 
ation. ™ Brake for motors... pioneered in the field of gear-motors. 

a Whether you need special or standard motors, 4 to 200 H.P., 
) F. , it will pay to learn why so many critical buyers specify “‘Star’’. 
_ foe hal HE Motor Some standard motors are ready for early delivery. Star Electric 
pplicat Motors Co., 200 Bloomfield Avenue, Bloomfield, N. J. 
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POWER PACKAGED AS YOU NEED IT 
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BUSINESS AND 
SALES BRIEFS 


UCCEEDING Ray F. Landis is Glenn Sayther as manager 

of the Minneapolis: branch of Ahlberg Bearing Co., Chi- 
cago. Mr, Sayther has been connected with this branch since 
1929 in sales and service capacities. 


° 


Establishment of a branch plant at Jefferson and Lawton 
St., Fall River, Mass., has been announced by Harvill Corp., 
Los Angeles. Handling all types of die casting, finishing and 
machining, the new plant will be operated by the Harvill New 
England Corp., a wholly owned subsidiary. 


¢ 


Tyson Bearing Corp. of Massillon, O., has named Borg- 
Warner International Corp., Chicago, as sales representative 
in all export markets except Canada and Alaska. 


¢ 


Connected with the company since 1927, F. A. Wright has 
been appointed assistant general sales manager of Cutler- 
Hammer Inc., Milwaukee. Fred W. Gilchrist, associated with 
the company for more than twenty-two years, has been named 
manager of the branch office in Indianapolis, 








syse 
* 





Election of Oscar C. Schmitt as president to sum 
Stuart Symington has been announced by The Emerson § 
Mfg. Co., St. Louis. Among other capacities Mr. 
served as vice president in charge of general sales, a 
recently as executive vice president. 


e 


Three appointments have been made by United : 
Inc. These are: Richard O. Leongard as presid 
Theodore G. Coyle and Hugh D. McLeese as vice ¢ 
Mr. Coyle will continue as technical director, and Mr. J 
as general sales manager. ‘ 

¢ 


According to a recent announcement by Westinghoy 
tric Corp., an $11,500,000 expansion program has beeq. 
to increase overall production fifty per cent in the 
Appliance Division plants at Mansfield, O., and 
field, Mass. 

. 


Made known recently by B. F. Goodrich Chem 
Cleveland, is the appointment of Sam L. Brous as sah 
ager of a new division for the promotion and sale off 
setting resins. ¥ 

. 


With headquarters at the Ewart plant in Indianapoli 
Fellinger has been named by Link-Belt Co. as sales 
power transmission machinery, while H. F. R. Weber li 
appointed divisional sales manager, silent chain drives 


through distributors will be under the supervision of d 


lowing: F. A. Hurd, divisional sales manager, industt 


Eo ee 
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BY GASIAANRONESIVEIEIES 


Provide Essential Dependability 


These Nickel steel parts for air- 
craft engines meet the rigid re- 
quirements and specifications 


of the Army Air Forces. 


Turned out by the thousands by 
American Safety Razor Corpo- 


ration, they satisfy the engine 


- 
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builders’ demands for high me- 
chanical properties, minimum 
distortion after heat treatment, 
close tolerances and thorough 


reliability in service. 


We invite consultation on the 
use of Nickel or Nickel alloys in 


your products or equipment. 








ARMY AIR FORCES 
AWARD 
BRIGGS & STRATTON 


pyoroved 


QUALITY CONTROL RATING 


For over two years Briggs & Stratton 
has produced the General Electric 
high-tension magnetos used on the 
I8-cyl. Pratt € Whitney 2000 h. p. 
engines powering high-flying fighters, 


bombers ard_transport planes. 


In recognition of the high 
standards of inspection procedures 
and control in the manufacture of 
these magnetos, the U. S$. Army 
Air Forces have accorded to 
Briggs & Stratton the “APPROVED” 
Quality Control Rating, 








tributor sales, Chicago; G. H. Unruh, divisional sales 
industrial distributor sales, Philadelphia; and Hany J 
divisional sales manager, automotive equipment sales, 
apolis. . 

* 


Recently announced by The National Acme Co, jg; 
pointment of Ralph R, Root as sales manager of the F 
Mfg. Division. For the past eight years he has served; 
sion in a sales engineering capacity in Ohio and Ing 


o 


Previously known as Swedlow: Aeroplastics Corp, the 
Division of Shellmar Products Co. has moved from @ 
Calif., to 8990 Atlantic Ave., South Gate, Calif. A New¥p 
office in the Empire State building has been opened 
by the company. 

» 


Change of name has been made by Duramold Plasia 
South Wabash Ave., Chicago. Henceforth the companys 
known as Formold Plastics. 


° 


Appointment of V. C. Kneese as manager of the Dalh 
tory branch has been made by General Controls Co,, @ 
Calif, He will serve users of automatic controls in the 
refrigeration, aircraft and industrial fields throughout the 
ern half of Texas, Oklahoma and Arkansas. 


© 


Wright Engineering Co., 5620 North Meridian St, 
apolis, has been named by Ward Leonard Electric Co, of 
Vernon, N. Y., to serve as sales representative in southe 
diana, southwestern Ohio and Kentucky.’ 


¢ 


Opening of a new office in the Empire State buildinga#t 
Fifth Ave., New York, has been announced by Colum ia 


tektosite Co. Inc. 
r 


Located at 308 West Washington Ave., a new 
branch office has been opened by Stow Mfg. Co. of B 
ton, N. Y. Ralph E. Wimmer has been placed in chai 
will be assisted by J. P. Dickinson, vice president in 


sales. 
+ 


Purchase of Makalot Corp., Boston, has been announce 
cently by Interlake Chemical Corp., Plastics Division, C 
land. 


¢ 


Under the supervision of R. P. Evans, a new warehouse 
office at 790 Greenwich St., New York, has been opened by 
Carpenter Steel Co. of Reading, Pa. 


¢ 


Allen-Bradley Co. of Milwaukee has appointed C. D.* 
Co., 1530 Sixteenth St., Denver, Colo., as district sales ™ 


sentative for the company in the state of Colorado, th? 
handle of Nebraska, and the southern part of Wyomilé 


« 


Election of W. W. Gleeson as president has been anil 
by L. G. S. Spring Clutch Corp., a wholly owned subs 
Curtiss-Wright Corp. While the present output of t 
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=4 FLEXIBLE HOSE , \) LINES 


} 


| ae ee _ ae 


DEPENDABILITY NOW READY FOR 








| PROVEN IN ALL INDUSTRY 
: Di WAR! omer 
A * 
a Over 5 million awe a 
hose lines 3 PIECES—EACH REPLACEABLE 
d 3 7 | i 7 (1) DETACHABLE and REUSABLE FITTINGS 
an mi ion Fittings can be removed from hose 
7 ° and reused over 100 times. 
ys. self-sealing 
southem % ASSEMBLY WITHOUT SPECIAL TOOLS 
cou Pp i in g s on No tightening or adjustment after 
assembly. 
U.S. Arm » en LL re , 6) UNIVERSAL APPLICATION 
ss: . Low—medi nd high pressure. 
un N  @ | vy Al rcerad ft Shia ties Scniporaaiet: 
Oil — fuel — water — air and many 


other chemicals. 








=w\eroquip 
SELF-SEALING 
COUPLINGS 


allow disconnection of liquid 

carrying lines without loss of 

fluid and reconnection with- 
out inclusion of air. 


ae 
S OFFICES: Los Angeles 14, California, 1709 W. 8th St.; Houston, Texas, 1104 Commerce Bldg.; Hagerstown, Maryland 


-“EROQUIP CORPORATION, JACKSON, MICHIGAN, U.S.A. 
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New York 


sidiary is devoted to spring clutch applications fo, j 
nance equipment, postwar applications include 
transmissions and starters, household appliances such 
ing machines, ironers, deep freeze units and stokers, ay 
engines and marine steering devices, farm impleme : 


well drills. 





¢ 


Homestead Valve Mfg. Co., Coraopolis, Pa., hag 

Don H. Krey as sales manager and Elliott G. Johnsg, 
ant sales manager. In addition to his new appoint 
Johnson will retain his duties as director of adveme 


public relations. 
¢ 


Change of name has been announced by Vulcanize} 
Co. Henceforth the company will be known as Vuleayiys 


ber & Plastics Co. 
rs 


Promotion of James S. Wilson to manager of plastig 
ment sales has been announced by The Watson-Stillms 
Roselle, N. J. Previously Mr. Wilson headed the Watys 
man plastics molding laboratory. 





¢ 


A. G. Bussmann and L. D. Granger have been deg 
presidents of Wickwire Spencer Metallurgical Com, 
be located at 500 Fifth Ave., New York. and 260 Sy 
Ave., Newark, N. J., respectively. Mr. Bussmann is als 
president in charge of sales for Wickwire Spencer Steel ( 





¢ 


Formerly Pittsburgh district sales manager, Lloyd R. 
has been made assistant general sales manager of Firth-St 
Steel Co. 


. 


Appointment of W. D. Turnbull as general sales ma 
has been announced by Kennametal Inc. of Latrobe, Pa! 
have been made by the company to increase present activi 
the metal-working industry and other fields such as mi 
petroleum and wood-working. 


* 


Westinghouse Electric Corp. has acquired B. F. Stu 
Co. of Boston, a pioneer in the design and manufactur 
handling and processing equipment. The newly acquitted! 
pany will be operated as a division of Westinghouse Bi 


¢ 


Need for expansion has resulted in the opening of a 
Research and Engineering Building by Taylor Fibre 


Norristown, Pa. 
+ 


Announcement has been made of the incorporation of 
Hunt & Son’Co, under the name of C. B. Hunt & Son le 
new president is N. A. Pedersen of Elkhart, Ind., who ™ 
sented the company in the New York territory for a nu™ 
years. N. C. Hunt, who retired as president, is now 1" 
the new corporation. 
¢ 


Formation of a new division, to be known as the 
Alloy Valve Co., has been announced by The Coope 
Foundry Co. of Hillside, N. J. This arrangement ‘ 


metallurgical, engineering and manufacturing acti ae 
ing casting, heat-treating, machining and testing. 
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Keep them away fro CUM 
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Postwar PRODUCTS 


es mat 
ye, Pa. } 
nt activ 
*™— @ Greater control of vibration, shock, 
friction, abrasion, and many other “‘prob- 
lem children of industry” is now possible 
due to improved methods of compounding, 
tue ~molding, extruding, calendering, coating, 
ete 20d bonding natural and synthetic rubbers. 


ORCO engineers are abreast of these tech- 
nological developments and are: prepared 
ie © t0 apply them where they are needed the 

most to improve your company’s products. 


ORCO’S expanded facilities, new methods, new processes, and a strictly 
unbiased viewpoint regarding basic materials offer you a hard-to-match source 
of co-operation in the field of rubber and synthetic rubber. 


Your inquiries on specific problems are invited. 


Hillbs 








JY BRANCHES: DETROIT « NEW YORK © CHICAGO 
. F | | INDIANAPOLIS * WASHINGTON © CLEVELAND 


Tt 
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~NEW MACHINES- 
And the Companies Behind Them 


Aircraft 

*Jet plane “Shooting Star”, Lockheed Aircraft Corp., Burbank, 

Calif. 
Heat Treating 

Electric salt bath furnaces, Upton Electric Furnace Div., 
Detroit. 

Batch heating furnaces, W. S. Rockwell Co., New York 7. 

Three-way bench-type laboratory furnace, Surface Combustion 
Corp., Toledo, O. 

Varied-temperature cold cabinet, Precision Scientific Co., Chi- 
cago 47. 

*Electronic induction heater, Allis-Chalmers Mfg. Co., Mil- 
waukee. 

Industrial 

Heavy-duty wind-up machine, Industrial Oven Engineering 
Co., Cleveland. 

Self-inking? channeled markers, Adolph Gottscho Inc., New 
York 18. 

Belt-length measuring machine, The Smith Power Transmis- 
sion Co., Cleveland 14. 

Portable pneumatic impact wrench, The Aro Equipment Corp., 
Bryan, O. 

Centrifugal clarifier, W. R. Carnes Co., Madison 4, Wis. 


Laboratory 
Shaker, Burrell Technical Supply Co., Pittsburgh 19. 


Materials Handling 
Motor-driven cabinet-operated double-bucket carrier, Cleveland 
Tramrail Div., Cleveland Crane & Engrg. Co., Wickliffe, O. 


Metalworking 

Double-spindle milling machine, W. H. Nichols & Sons 
Waltham, Mass. 

Internal grinding machine, Wilson Machine Products Co, 
troit 7. 

Punch duplicator, Thomas Mfg. Co., Pittsburgh 23. 

Centrifugal casting machine, Centrifugal Machine & 5 
Co., Kalamazoo, Mich. 

Automatic crush form contour grinder, The Thompson Gy 
Co., Springfield, O. 

Continuous multiple-spindle, horizontal driling machine, } 
& Thompson Co., Milwaukee. 

Hydraulic press, Colonial Broach Co., Detroit 13. 

50-ton power hydraulic straightening press, Anderson } 
Mfg. Co., Rockford, Ill. as 

Plastics 

Compression press for transfer molding, F. J. Stokes Mad 
Co., Philadelphia 20. 

Machine for hot-marking plastics, The Acromark Co, fh 
beth, N. J. 

Radio 

Frequency modulation receiver, John Meck Industries 
Plymouth, Ind. 

Marine radio telephone, Reeves-Ely Laboratories Inc, 
York. 


Restaurant 
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Ice shaving and cutting machine, Franklin P. Miller &@ 


Inc., East Orange, N. J. ; 


Testing 
Universal testing machine, Southwark Div., Baldwin Loe 
tive Works, Philadelphia. 


Toys 


Musical typewriter, Electronic Corp. of America, New York 


*Tllustrated on Pages 146-147. 





MORE 
Engineering 
DATA on 


BALDOR GLASS INSULATED MOTO? 


The better the insulation, the better the 


BALDOR, the Better Motor, is made even better by the use 
of GLASS INSULATION because— 


Glass insulation withstands HIGHER TEMPERATURES—as high 
as 250° C. as compared with 95° C. critical limit for cellulose 
insulation. Result, less chance for break-down. 


Glass insulation makes possible MORE COMPACT, LIGHTER 
WEIGHT motors. (For example: 10 H. P. motors in standard 
7% H.P. frames . . . and with 135 Ibs. LESS WEIGHT.) 


Glass insulation is non-hygroscopic—the dielectric strength 
remains almost as high in humid or damp surroundings as in 
a dry atmosphere. 


Being inorganic, glass insulation does not rot nor deteriorate 
even when constantly exposed to dampness. 


May we tell you more about these BALDOR Better Motors? 


BALDOR ELECTRIC COMPANY 
General Offices: ST. LOUIS 10, MO. * District Offices in Principal Cities 


Above: BALDOR STREAMCOOLED MOTOR; 
totally enclosed. Arrows indicate air travel 
over ENTIRE EXTERIOR of motor. 


PLAN YOUR POST-WAR MOTOR REQUIREMENTS Mow. Get the Latest BALDOR Bulle! 
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